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“There IS Something 
you can do to 
ms get STEEL more quickly! 


Steel deliveries are a problem! Stocks are depleted, mill deliveries 
delayed, priorities strictly enforced, demands heavier as war production 
intensifies! But there is something you can do about it—several things, 
in fact! Work closely with Ryerson on your requirements, and follow the 
common sense rules of action. 


1 Make sure of your priority status. essary. This will preclude the possibility 

of further correspondence that might de- 

(a) If you are engaged in direct war pro- lay shipment, or prior sale of material. 
duction and require immediate stock ship- 

ments from time to time, be sure to properly 3 When possible, send orders — not in- 

extend to us applicable priority ratings. quiries. This is entirely safe because of the 

This should be done by extending any long-established Ryerson one-price policy. 


It is possible the steel, if in stock, might 


blanket rating in the manner required by 
be sold while we are answering your 


the blanket under which you are operating 
or by properly endorsing purchase orders, 
as in the case of priority ratings based on 


inquiry. 


4 Whenever practicable, state what alternate 
sizes, shapes, or types of steel you can 
use if the desired steel is not in stock. 


certificates. 


(b) If you are not directly engaged in war 


production work, check up on the proper 5 It is also helpful to indicate the size or 
rating for your repair and maintenance length to which the steel will be cut so 
requirements, because effective after May 4, that we may fit your requirements to avail- 
a new order, amendment No. 4, supplemen- able sizes and lengths when regular sizes 
tary to General Preference Order M-21-b, and lengths are not in stock. 

establishes closer control and greater 

limitations on the distribution of steel. We are most anxious to help you with 


every problem of steel procurement or 
2 Because of the importance of following 


Government regulations to the letter, make 
sure that your orders are formally en- 
f. dorsed, using the proper forms when nec- touch with us. 


application, during these critical days! 


Do not hesitate to keep closely io 


JOSEPH T. RYERSON & SON, INC.- CHICAGO - MILWAUKEE - DETROIT- ST. LOUIS - BUFFALO - BOSTON - CINCINNATI - CLEVELAND - JERSEY CITY ILADELP 
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By Joseph H. Jones 
Central Alloy District 
Republic Steel Corp. 

Massillon, Ohio 


as written furnished an 
important starting point and 
such a starting point obvi- 
ously had to precede the 
melting of steel and its fab- 
rication into finished parts. 
Approximately 9000 tons of 


Kmergency Steels the NE chromium-nickel- 


NE 8600 to 8900 


— of the War Production Board and 
its predecessors realized that the 2500 alloy steel 
inalvses produced in this country constituted 
in obstacle to maximum production. The real 
necessity for many of the high alloy steel appli- 
itions was also questioned, as well as the pos- 
sibility of continued procurement of necessary 
alloying metals for them. 

To deal with these and various related 
problems, a committee of metallurgists was 
formed which worked under the Technical 
Advisory Committee to the War Production 
Board. Its organization was described in Mera. 
Paockess for March, and its chief duty was to 
reduce the alloy steel analyses to the absolute 
fiimimum in number, and to conserve alloying 
elements by combining relatively small quanti- 
lies In such a manner as to give the greatest 
resulls per unit used, thus to conserve the alloy- 
‘ig metals returning in scrap from the ordnance 
plants. With these objectives in mind and in 
collaboration with the best metallurgical talent 
in this untry, the NE Steel Specifications were 
Written 


While the science of applied metallurgy 
has progressed to the point that physical prop- 
erlies other characteristics of a given anal- 
‘is can he quite accurately predicted, actual 
exper in the shop and fabricating plant is 
still t] ‘al proof. However, the NE analyses 


molybdenum steels described 
in this article have already 
been melted and _ suflicient 
quantities have been proc- 
essed into finished parts to 
supply some information as 
to how it compares with the 
original S.A.E. grades. Small 
lots can now be ordered 
from the eight steel ware- 
houses now stocking them. 
Over-all, the field reports on NE chromium- 
nickel-molybdenum steels are favorable and 
indicate that these grades are doing an excel- 
lent job. Seldom does a new analysis start off 
with so much praise and so little criticism as 
this group has. 

Various steel producers accepted the job 
of making complete laboratory tests on com- 
mercial heats, Republic Steel Corp.'s Central 
Alloy District being assigned NE 8600 to 8900, 
Steels NE 8724 and 8744 were not tested in this 
first investigation because they are very close 
to NE 8620 and 8739 which were studied. Even 
though the results are from individual heats, 
we have every reason to believe they are repre- 
sentative and can be relied upon if interpreted 
with ordinary caution. A summary of our tests 
follows. 

Electric furnace heats (most of them from 
35-ton furnaces) were made by routine com- 
mercial methods. Specifications aimed at and 
analyses made are shown in Table I. Square 
bars were forged to 144, 244, 344, 4% and 5'4-in. 
squares; rounds and test pieces were machined 
from the appropriate square bars. Openhearth 
steels will be indistinguishable from the electric 
furnace steels tested; the latter show their 
superiority in surface condition and cleanliness 

matters that do not affect the mechanical 
tests made and here reported. 
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Table I — Chemical Specifications 


and Actual Analyses of Test Heats 


Figs. 1 and 2 


STEEL C MN P S SI NI Cr Mo 
NE 8620 Spec. 0.18-0.23 0.70-0.95 0.040 max. 0.040 max.) 0.20-0.35  0.40-0.60 0.40-0.60 15-0,9: 
Ladle 0.195 0.80 0.014 0.014 0.23 0.43 0.52 0,29 
Check 0.19 0.80 0.015 0.015 0.23 0.46 0.52 0.29 
NE 8630 Spec. 0.27-0.33  0.70-0.95 0.040 max. | 0.040 max. 0.20-0.35 0.40-0.60 0.40-0.60 15-0.9 
Ladle 0.28 0.78 0.015 0.016 0.24 0.40 0.49 0,29 
Check 0.304 0.80 0.014 0.015 0.25 0.42 0.49 0.29 
NE 8739 Spec. 0.35-0.42  0.75-1.00 0.040 max. 0.040 max. 0.20-0.35  0.40-0.60 0.40-0.60 24) 
Ladle 0.39 0.83 0.015 0.016 0.30 0.47 0.48 ().23 
Check 0.41 0.86 0.015 0.019 0.31 0.46 0.47 0.2 
NE 8749 Spec. 0.45-0.52 0.75-1.00 0.040 max. | 0.040 max.) 0.20-0.35 | 0.40-0.60 | 0.40-0.60 
Ladle 0.53 0.80 0.015 0.015 0.24 0.45 0.53 0,25 
Check 0.546 0.83 0.015 0.015 0.23 0.46 0.52 0.27 
NE 8817 Spec. 0.15-0.20 0.70-0.95 | 0.040 max. 0.040 max. 0.20-0.35 0.40-0.60 0.40-0.60 30.4 
Ladle 0.195 0.84 0.015 0.015 0.29 0.48 0.52 0.3 
Check 0.192 0.86 0.013 6.013 0.29 0.48 0.49 0.3: 
NE 8949 Spee. 0.45-0.52 1.00-1.30 0.040 max. 0.040 max. 0.20-0.35 | 0.40-0.60 | 0.40-0.60 3()-4) 
Ladle 0.48 1.11 0.018 0.017 0.29 0.47 0.52 0.31 
Check 0.49 1.10 0.018 0.015 0.27 0.52 0.51 0.38 
Properties of Carburized Core 200 
Tensile Strength 
Samples of NE Steels 8620 and 8817 Impact 
were heat treated and tested so as to get 160 i 
figures to compare with those published by | il 
American Iron & Steel Institute for the Soe | | 
conventional carburizing steels in “Contri- S 120 | | l| 
butions to the Metallurgy of Steel; No. 5; | | i} 
Possible Alternates for Nickel, Chromium, 100 | | | 1 || 
Chromium-Nickel Constructional 80 | | i} 
Tensile Strength, Yield Strength H | 
' 
and Izod Notch Bar Value for Carburized Cores of 40 : ' t| i : | || 
NE8620 and NE8817 in Comparison With Those of 8 20 } H H i| 
tral Alloy District, American Iron & Steel Institute) i i i | 
114023 5120 4120 3120 4620 NEBEZO 6120 2320 2512 4320 4820 BS 


Tensile Strength 
| iL 
Toa 
4H 


4023 5120 4120 3120 4620 NEBE20 6120 2320 2512 4320 4820 3315 NEBBI7 


| 


i 


L525 F 1525 IS7S¥ ISOO¥ ISOO% MPS MASE ISOOK MSOF 1540 | 


Rehested to Optimum Physica! Properties 
Normalized bars machined to in, psevdo-cerburized 8 hr at 1700 °F, oil quenched 
from pot, reheated as indicated, oil quenched and drawn 1 hr at 400% (NE steels 

14 hr at 300°) 


Direct Quenched 
Normalized bars machined to } in., pseude-carourizeéd 8 hr 3 
guenched fram pot and drawn 1 hr at 400% (NE steels aren 
300 °F) 


Alloy Steels”. In our tests 5-in. lengths w: 
cut from the 1'4-in. square bars and normal- 
ized by heating 11% hr. at 1650° F. and air cool 
ing. These bars were then machined to 1 |! 
diameter, pseudo carburized by packing 

mica and heating at 1700° F. for 8 hr. Som 
samples were oil quenched direct from the po! 
machined into standard test bars and teste’ 
Other samples were air cooled, then reheate: 
to 1525 or to 1550° F., as was appropriate, !0! 
min, 2 


75 min., oil quenched and drawn 79 


300° F.; test bars were then machined a@n¢ 


tested. A summary of these tests is sown 

Fig. 1 and 2, above; the diagrams also con!@ 
ale 

graphical data for comparable S.A. 


treated almost identically. 
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Brine! Hardness 


Brine! Hardness 


HICSS 


Hardness Traverses 


Across Oil Quenched 


\E 8600 to 8900 Steels, in Comparison 
ilar Curves of Conventional S.A.E. Steels 


05 0 


65 
1-iIn. Rounos 
60 
NE 8949 
8 
NE 8739-7 1508 
5 
+40 
-NE 8630 
35 
4 30 


0505 0 


Q5 05 


Distance from Center Inches 


Transverse Hardenability 


Some metallurgists prefer to grade steels 
by their transverse hardenability, although 
experience within the Republic Steel Corp.'s 
organization indicates that the end-quench 
test gives just as much information and is 
beset with fewer experimental difliculties and 
resulting variables. Transverse hardness 
curves for the NE steels in bars from 1 to 4 
in diameter after oil quenching are shown 
in Fig. 3, in comparison with similar data 
taken from an A.LS.I. publication for the 
older steels. 

Center hardness of fully quenched bars 
(disregarding segregation, the cause of the 
slight bulge at the center) normally checks 
within 2 or 3 hardness numbers with appro- 
priate positions on the end-quench sample. 

Correlation of cooling rates at the 
65 center of a quenched bar (and 


| 
2-In. Rounds Rounds 2-In Rounds 


— | 
|_| 


40 


NE 8630 


therefore hardnesses) is as fol- 
lows, in terms of distance from 
the water-cooled end of the 1-in. 
Jominy bar: 


55 8 Rare at CENTER 

S QUENCHED OIL WATER 

Bar QUENCHED QUENCHED 

50 5 DIAMETER Bar Bar 

% in. in. in. 
45 = 1 in. “ in. fs in. 

2 in. in. in. 

S 3 in. le in. % in. 

& 4 in. 1% in. 1% in. 


Qnarts for § AE steels are reproduced from 
30 copyrighted pamnpniet “Possible Substitutes for 
Nicke/ Steels, issued May 1941 by American and 


Steel Institute; Source: Manvlacturers’ valves 


0 05 O 05 10 O05 OC O05 1010 OS O 10 
io 10 8000 AGDUO 1G Slee/ 
Distance from Genter, Inches Core, p he Alloy Division 
3-n | | | | 
| | 3-n Round 3-in Rounds. 
| | re | 4-in. Rounds 
NE 8949 NE 8949 
| | | ern 
1140 (/NQS 1 ~ / S 
\ Ne ego Aj 2 
4050 y. NE 8630 30 
0 05 101515 10 05 O 0510 1515 1005 O51 
Distance from Genter, Inches 20 15 10 05 O 05 10 15 20° 
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Table Il — Physical Properties of NE 8630, Heat Treated in Various Sizes. 
Quenching Temperature: 1550" F. 


= 
TENSILE PROPERTIES BRINELL 
Draw Izop or Izop 
YIELD ULTIMATE ELONG. R.A, Test Bars 
TREATED IN 0.530-IN. RouNDS 
400° F. 295,000 245,500 11.0 | Sia 14 477 1006 crystalling 
500 208.000 229,000 10.0 38.8 16-17 444 100% erystallins 
600 190,000 210,000 11.5 44.9 18-19 415 crvstalling 
700 181.000 200,500 11.5 46.3 25 388 70% crystallin, 
800 161,000 181,500 12.0 | 50.6 31-32 363 70% crystalling 
900 146,000 165,000 15.5 57.3 45-47 340 90% silky 
1000 139.000 152,000 17.0 61.0 | 51-52 321 906% silky 
1100 119,000 134,000 | 18.5 63.6 62-64 255 206% wood, 
1200 100,000 115,000 22.5 68.2 86-90 228 40% wood) 
TREATED IN 1-IN. RouNDS 
400° F. 152,000 172,500 12.0 41.9 21-23 363 100% crystalline 
500 142,000 162,000 13.0 43.9 24-25 341 900° crystalline 
600 140,000 159,000 14.0 53.3 31-32 331 50% crystalline 
700 136,500 156,000 14.0 54.7 32-33 331 50 crystallin 
800 125.500 145.500 15.5 57.3 51-52 302 10% woody 
900 122,000 140,500 17.0 59.8 52-54 302 10% wood, 
1000 114.000 132.000 18.5 61.0 68-69 269 40% woody 
1100 104,000 121,500 20.6 63.6 74-75 255 40% woody 
1200 87,500 105,000 24.0 68.2 96-101 207 40% woody 
TREATED IN 2-IN. ROUNDS 
900° F, 100,000 121,000 19.0 63.6 74-78 241 206 woody 
1000 94,500 114,000 21.0 65.9 83 228 20% woody 
1100 87,500 108,000 22.0 65.4 88-90 917 40% woody 
TREATED IN 3-IN. RouNDS 
900° F, 92.500 113,500 21.0 63.6 82-83 228 40% woody 
1000 92.000 112,500 22.0 65.9 86-88 217 40% woody 
1100 81,500 103,000 24.0 67.0 93-95 197 40% woody 
TREATED IN 4-IN. Rounpbs 
900° F. 92.000 114,000 19.0 56.0 81-84 228 40% woody 
1000 88.000 109,500 20.0 56.0 84-86 217 40% woody 
1100 79,000 102,000 23.0 62.4 95-97 197 40% woody 
TREATED IN 5-IN. Rounps 
900° F. 87,000 108,500 19.5 56.0 82-84 217 40% woody 
1000 84,500 106,000 21.0 57.3 85-88 207 40% woody 
1100 77,000 99,500 22.0 58.5 99 179 40% woody 


Large bars of steel NES949 are considerably 
softer in the center regions than would be 
predicted by the hardenability curve in Fig. 4 
and the above relation but it is very difficult to 
section a fully hardened 4 or 5-in. bar and 
smooth it for testing without slight heating at 
the grinder (and consequent tempering). 


McQuaid-Ehn Grain Size 


Representative samples from each heat 
were carburized at 1700° F. for 8 hr. and the pot 
was slowly cooled in mica. Samples were then 
sectioned, polished, and etched for examination 


of the hypereutectoid case. Results follow. 


End-Quenched Hardenability 


Standard General Motors Corp. hardena! 
ity tests (Jominy end-quench test) were mac 
on 1-in. round specimens, 4 in. long, machineé 


from each heat. Bars were held at temperatur 


(1525 to 1550° F.) for 45 min., then placed \ 
tically in the fixture, and cooled by a jet of co 
water striking the scale-free lower end 00!) 


Small flats were then ground down the sil 
Rockwell tests on “C” scale made at 
ings and results are plotted in Fig. | 


these curves it can be seen that the cl 
nickel-molybdenum steels of the NE 8000 seme 


have a wide range of hardenability an 


STEEL CARBON GRAIN SIZE 
NE 8620 0.19 7 to 8 (some 6) rect choice and treatment can be ada 
NE 8630 0.30 7 to 8 great variety of services, 
NE 8739 0.41 7 to 8 (some 6) 
NE 8749 0.55 7 to 8 (some 6) 
NE 8817 0.19 7108 properties, truly amazing for the nt 
NE 8949 0.49 7 to 6 total of alloying elements present. 
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on the National Emergency steels in Mera 
Progress in March, page 312, when allowance 
is made for the fact that the latter curves are 

all for steels with 0.30°° carbon. 


Influence of Mass and Heat Treatment 


A very large number of tests were made so 
that complete information would be available 
as to the properties of the four non-carburizing 
NE heats, normalized from 1650° F., oil quenched 
from optimum temperature and drawn at vari- 
ous heats. Much of this work was duplicated 


2 
cr 


n 


Distance fram Quenched End, in 


on bars of sizes ranging from 0.530 in. to 5 in. 
diameter (all tests taken from center position), 
thus giving the “mass effect” and a further check 


4-—End-Quench Tests Showing Hardenabil- 
of the Cr-Ni-Mo Steels of the NE 8000 Series, 
Republic Steel Corp., Central Alloy District) on hardenability. Time at quenching heat and 
at drawing heat was roughly 1 hr. per in. of 
diameter. Numerical values are shown in the 
adjoining Tables Il, II, IV and VY. 
Hardness of the tensile test bars did not 


burizing grades NE 8620 and 8817 have char- 
wteristics much like the old steels whose 
hardenability curves were shown in the article 


Table Ill — Physical Properties of NE 8739, Heat Treated in Various Sizes. 
Quenching Temperature: 1525" F. 


TENSILE PROPERTIES BRINELI 
Draw Izop or Izop FRACTURE 
YIELD ULTIMATE ELONG. R.A. Test Bars 
TREATED IN 0.530-IN. 
400° F, 260,000 282,500 8.5 29.2 7 555 100 silky 
500 245,500 261,000 10.0 34.1 8-10 514 100% silky 
600 222.000 245,000 12.0 43.4 11 195 80°) silky 
700 203,000 224,500 12.0 44.9 11-12 444 80°) silky 
S00 181,000 202.000 13.5 49,2 23-24 415 50°) silky 
900) 166,000 186,000 14.0 51.0 33-34 363 500% silky 
1000 151,000 168,500 15.5 54.7 38-39 340 15° woody 
1100 140,000 155,500 17.5 56.0 54-55 302 20° woody 
1200 112,500 127,500 21.0 62.4 69-70 241 40% woody 
TREATED IN 1-IN. RouNDS 
400° F, 242,000 263,000 8.0 25.8 8-9 55D 100% silky 
ott 236,000 257,500 8.5 35.7 9-1i 177 100% silky 
600 208,500 230,000 9.0 11-12 461 80% silky 
700 198,500 220,000 9.0 38.8 12-14 444 800% silky 
S00 179,000 200,500 10.5 16.3 20-21 415 70° silky 
900 162,000 181,000 13.0 50.6 27-28 388 70% silky 
1000 152,500 170,000 14.0 53.3 40-43 341 20% woody 
1100 132,000 148,500 16.0 57.3 49-50 302 20% woody 
1200 110,500 125,500 20.5 61.0 70-73 269 40% woody 
TREATED IN 2-IN. ROUNDS 
129,000 150,000 16.0 56.0 48-49 321 200 woody ; 
1000 123,500 144,000 17.0 56.0 92-59 311 20% woody ‘ 
1100 106,000 127,500 18.5 61.0 69-72 269 20% woody , 
TREATED IN 3-IN. ROUNDS 
m0” F. 120,500 141,000 15.5 56.0 45-50 $02 20% woody 
1000 116,500 136,000 18.0 59.8 60-61 286 20% woody 
1100 110,000 122,000 26.0 62.4 69-72 241 20% woody 
TREATED IN 4-IN. RoUNDS 
uy" | 118,500 140,000 16.0 51.9 45-48 286 20% woody 
1000 115,500 135,500 17.0 53.3 54-58 269 20% woody 
1100 101,500 123,500 19.0 57.3 74-75 241 20% woody 
TREATED IN 5-IN. RouNDS 
900 112,500 132,000 16.0 51.9 40-44 286 20% woody 
1000 103,500 125,000 17.0 54.7 52-56 262 30% woody 
1100 96.500 118.000 20.0 58.5 66-70 241 30% woody 
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always correspond with the hardness of the Izod 
bars, quoted in the tables, and this should be borne 
in mind when appraising the figures for ultimate. 


Thermal Critical Points 


Bars 3 in. long by 0.75 in. diameter were pre- 
pared for the Rockwell dilatometer and curves 
automatically drawn to determine the thermal 
critical points. Heating and cooling were at the 
rate of 240° F. per hr., and the following arrests 


were noted: 


STEEL AC, Ac AR; AR: 
NE 8620 1340° F. 1530°F. 1415°F. 1270°F. 
NE 8630 1350 1470 1360 1220 
NE 8739 1350 1450 1300 1180 
NE 8749 1340 1420 1240 1210 
NE 8817 “See 1520 1420 1300 
NE 8949 1300 1350 845 750 


Toughness at Low Temperatures 


Sub-zero Charpy impact tests were made on 
three of the steels that would likely be used for low 
temperature equipment. For this work 1'4-in. 
square bars were normalized (air cooled from 
1650° F.). Test pieces 0.394-in. square were then 
machined from the center position, and notched 
with standard V-notch for Charpy test. Half of the 
bars were then oil quenched and drawn to as near 
Brinell hardness 400 as possible, extreme care 
being taken to prevent any change in the surface 
chemistry. Bars were then immersed in a mixture 


Fig. 5 — Charpy Notch Bar Values  §yp.\ 
mal Temperatures for NE8739 +9 
8949. (Republic Steel Corp., C l Al 
District). Comparisons are shown hss 
steels —all heat treated to 400 Imes 
manufacturer’s values taken from 4m, 
can Iron & Steel Institute’s | 
5O 
| NE 8738 
= - 6150(B HN. 
“he. 
~ 
| 
> 4145(BHN407) 
> 1 >< IN 
& 5145 (BHN49)— 
+50 +2 0 
Breaking Temperature, F 
—25° F. and —65° F. respectively, a 


quickly tested in the impact mach! 
Results for the hardened bars are shown 
Fig. 5, and are evidently comparable \ 
the best of the old S.A.E. alloy steels. 


of alcohol and dry ice, held 30 min. at zero, The normalized bars had _ noticeal!) 
Table IV — Physical Properties of NE 8749, Heat Treated in Various Sizes. 
Quenching Temperature: 1500° F. 
TENSILE PROPERTIES BrRINELL 
Draw Izop or Izop FRACTUR! 
YIELD ULTIMATE | ELONG. R.A. Test Bars 
TREATED IN 0.530-IN. Rounpbs 
800° F. er 190,000 Broke in shoulder | 8-10 495 100% silky 
900 178,000 200,500 10.5 41.9 14 444 100% silky 
1000 168,500 190,000 12.5 43.4 17-19 415 70% silky 
1100 145,000 165,000 15.0 49,2 28-31 375 70% silky 
1200 126,500 145,500 18.0 54.7 46-49 321 60% sil’cy 
TREATED IN 1-IN. ROUNDS 
800° F. 206,500 228,000 10.0 37.3 10-12 444 100% silky 
900 183,500 205,000 12.0 41.9 16-17 415 80% silky 
1000 166,000 187,000 13.5 43.4 22-24 388 80% silky 
1100 146,500 167,500 16.0 49.2 34-36 341 50% silky 
1200 127,500 145,000 17.0 53.3 54 321 50% silky 
TREATED IN 3-IN. ROUNDS 
900° F, 169,500 191,000 11.0 40.4 18 388 80% crystalline 
1000 154,000 174,500 13.3 47.8 29-30 363 80% erystaline 
1100 129,500 149,500 16.5 56.0 46-48 302 80% crystalline 
TREATED IN 4-IN. ROUNDS 
900° F. 155,000 176,500 13.5 46.3 20-21 363 85% silky 
1000 141,000 162,000 15.0 50.6 29-33 321 85% silky 
1100 130,000 150,500 16.0 53.3 44-46 311 80% silk 
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bar strength than the quenched and 


wel 
raw pieces. Normalized NE 8739 with 
—_ dness of 262 had Charpy values close 
thre arters those shown in the figure; nor- 
malize 8949 with Brinell hardness 363 had 
values nly 4 to 6 ft.-lb. at the low tempera- 
tures, 3 und below. 
. 
Coarsening Temperatures 
Normalized samples ®*, by 114 in. square 


were oil quenched from a series of rising tem- 
peratures and fractured to determine the 

ture of the fracture. Fracture grain size was 
estimated by comparing with Shepherd stand- 
rds, which correspond fairly ciosely with the 
same number as rated by American Society for 
esting Materials’ standards for austenitic grain 
size measured with a microscope. 

Steel NE 8620 had crystalline fracture No. 5 
when quenched from 1400 and 1450° F.; a 
slightly woody to medium woody fracture No. 
i 1500 and 1550° F., and fracture grain size 
No. 7 from 1600 to 1750° F., woody with trace of 


| 


fine crystalline. 
Steel NE 8630, when quenched from 1400 
ind 1450° F. had crystalline edges of No. 5 grain 


size and silky center of No. 7 grain size. Oil 
quenched within the range 1500 to 1650, Shep- 
herd fracture was No. 7, silky and _ slightly 
woody, and at 1700 to 1750 the fracture was 
silky and grain size slightly finer. 

Steel NE 8739 had crystalline fracture, size 
f to 5 at 1400° F., and size 7 to 8 at higher tem- 
peratures. Fracture was rated “silky” when 
quenched from 1450, 1500 and 1550; a slight 
woody appearance entered the pieces quenched 
from higher temperatures. 

Steel NE 8817 had Shepherd rating No. 5 to 
6 when oil quenched from 1400 and 1450° F.; 
the appearance was 80° silky and 20° woody; 
at 1500° F. the grain size was the same but the 
fracture was 90° woody. Quenched from 1550, 
1600 and 1650° F. the fracture was woody and 
grain size No. 7, coarsening slightly to No. 6 to 7 
at 1700 and 1750° F. 

Steel NE 89419 had crystalline fracture, grain 
size No. 5 at 1400° F., and No. 5 to 6 at 1450° F. 
The grain size after oil quenching from 1500° 
and higher rated No. 7 by Shepherd standard; 
at 1500° F. the fracture was rated crystalline 
and slightly woody; at 1550 and 1600° F. 
medium woody and crystalline; at 1650 to 1750° 
F. woody and fine crystalline. S$ 


Table V — Physical Properties of NE 8949, Heat Treated in Various Sizes. 


Quenching Temperature: 1500° F. 


TENSILE PROPERTIES BRiINELL 
Draw Izop or Izop FRACTURI 
YIELD ULTIMATE ELONG. Test Bars 
TREATED IN 0.530-IN. RouNDS 
800° F, 209,000 230,000 12.0 15-18 415 100% silky 
900 185,000 205,000 13.0 20-25 388 100% silky 
1000 168,000 188,500 15.0 34-35 375 80% silky 
1100 148,500 166,500 17.0 45-48 321 0% woody 
1200 125,000 141,500 20.0 75-80 269 70% woody 
TREATED IN 1-IN. RoUNDS 
800° F. 211,000 233,000 10.0 | 10-12 461 80% silky 
900 190,000 211,000 10.0 | 14-15 415 80% silky 
1000 172,500 192,000 13.5 47.8 22-25 401 80% silky 
1100 154,000 173,500 15.5 51.9 39-45 352 50% woody 
1200 133,500 151,000 18.0 57.3 54-55 302 D0 woody 
TREATED IN 2-IN. ROUNDS 
900° F 187,000 207,000 12.0 44.9 15-16 415 100°% silky 
1000 172,500 190,000 12.5 47.8 24 388 100% silky 
1100 150,000 167,000 15.0 51.9 43-46 352 80% silky 
TREATED IN 3-IN. ROUNDS 
wo" | 183,500 203,000 10.0 38.8 16-17 401 100% silky 
Loot 167,500 185,000 12.5 46.3 30-31 375 90% silky 
1100 145,500 161,500 15.0 53.3 48-49 331 70% silky 
TREATED IN 4-IN. RouNDS 
90 180,000 198,500 9.0 37.3 12-14 401 100% silky 
100 162,500 181,000 13.5 43.4 26 375 90% silky 
110 145,000 161,000 15.0 53.3 48-49 321 706% silky 
TREATED IN 5-IN. RouNDS 
900 170,500 189,500 8.5 29.2 15-16 388 90% silky 
1000 162,500 180,000 11.5 37.3 27-28 363 90% silky 
1100 142,500 158,500 15.0 48.6 46-47 321 70% silky 


June, 1942; Page 799 


i 
‘OP. 
: 
| 
\ 


An Eminent Living Metallur; jg, 


Frederick George Hughes 


ur Biographical Dictionery 
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q 
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sab FOUND A WAY” is the title of a 
describing Connecticut’s pioneer- 
tions to the development of our 
nth considerable portion deals with the 
ry of the northwestern part of the 
specially its mining and iron smelt- 
vy which played so important a part 
century. In this tiny area, 20 miles 
nost every brook furnished power to 
blow harcoal furnace smelting Salisbury 
ves. Thereabouts grew up a large number of 
joneer iron and steel manufactories. 
Among the men of the Cornwall section was 
‘he grandfather of Frepertck G. Hugues and 
io this environment he was born. The tradi- 
on of iron and steel was in his blood. It is but 
tural, then, that Frep was working with steel 
throughout his whole career — as indeed were 
s ancestors in the Cornwall Hills of Connecti- 
it. Early in life he learned the meaning of 
sweat and toil in the small shop, a_ training 
which built into him the sturdy physique so 
waluable in later years of strenuous industrial 
wtivily. It was his destiny to view the decline 
f the iron smelting industry in Connecticut, vet 
take an important hand in the transition 
vhen steel, its heat treatment and use, advanced 
‘rom the period of the artisan imbued with 
iradition to the era of the scientist trained in 
ie profession of treatment and the engineer 
rained in the knowledge of its applications. 
Graduating from Yale University as a mechan- 
il engineer in 1900, he entered the employ of 
the Bethlehem Steel Co. as a draftsman. In 
Il he entered the experimental ordnance 
department, remaining there until 1905, when 
e became chief engineer of the Driggs-Seabury 
Ordnance Corp. of Sharon, Pa. His contribu- 
ions in this field of ordnance engineering have 
iad a lasting effect on gun design. 

Beginning in 1907, he was instrumental in 
converting Driggs-Seabury from an ordnance 
oncern into one of the then largest automobile 
jarts manufacturers, and was among the first 
‘0 recognize the advantages of pressed steel 
‘rames and other parts which have become so 
important to the modern automobile. It was in 
this period that Frep Hugues invented the pres- 
ent des of pressed steel rear axle which now 


las such: universal acceptance, and was among 
the firs apply scientific analysis to the bear- 
‘Ng loads in chassis complements. 

In | he came back to Connecticut, join- 
ng the v Departure Mfg. Co., then primarily 
known» a maker of coaster brakes for bicycles, 


but which had begun in 1906 to make “anti- 
friction” bearings. This new industry was at 
the dawn of the era of speed and it is in this 
field that Freperick Georce HvuGues’ greatest 
contributions to engineering, manufacture and 
industry have been made. This new era made 
it necessary to find a way to “keep them rolling” 
and the growth of the New Departure Mfg. Co. 
from those humble beginnings to its present 
tremendous volume of production is a marked 
tribute to his versatility and imagination, accom- 
panied always by a great capacity for work. 
Serving in the capacity of chief engineer, pro- 
duction manager, and then as vice-president and 
assistant general manager during the vears 1911 
to 1933, he fostered the development of many 
vital phases of the ball bearing industry. 

His enthusiasm for things scientific and 
exact stimulated the development of laboratory 
and research facilities in advance of the times. 
His interest in and insistence on quality of 
material and product was a very considerable 
factor in the development of metallurgical qual- 
itv in ball bearing steel; in this way he became 
responsible for its initial production in America 
and thus stimulated our development of electric 
furnace alloy steel. 

His desire to find a way pioneered the 
spheroidization heat treatment of ball wire, 
necessitating a new practice in annealing and a 
new type of furnace. This also initiated the 
practice of cold heading of balls from domestic 
wire (high carbon, high chromium steel). His 
constant search for newer and better ways of 
making and doing better things is a continuing 
stimulus to his associates. The spirit of “try 
it’ and “take a chance” has resulted in the 
advance, through research and development, of 
knowledge and methods which have made New 
Departure probably the world’s largest producer 
of anti-friction bearings, through never losing 
sight of the first requirement — quality. 

HuGues became general manager of New 
Departure Division of General Motors Corp. in 
1933, a position he holds today. In spite of the 
added executive duties he retains the same 
enthusiastic stimulating attributes which have 
always been his. He was director and president 
of the @ in its early policy-forming days. 
Active in many civic and business enterprises in 
his community and state, he received a National 
Pioneers Award in recognition of his many- 
sided interests and his capacity for work. 

His is the heritage of toil and sweat, the 
spirit of the pioneer who finds a way. rs ] 
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Modern Methods 
and Kquipment 


for Malleable 


Be PAPERS concerning the various phases 
of malleable iron production were presented as 
a part of the annual program for the American 
Foundrymen’s Association in Cleveland late in 
April. In view of the fervent state of activity 
in industry, it was surprising that the papers 
were read by the respective authors with only 
one exception. Interest in the subject was 
further attested by the fact that almost every 
chair was occupied for both sessions, with little 
or no straggling; the number of men participat- 
ing in the discussions was also quite large. 

A forecast of the symposium as a whole, 
understandable even by one not actively 
engaged in the production of malleable iron, 
was given by Harry A. Schwartz, manager of 
research for National Malleable and Steel Cast- 
ings Co. This was an admirable setting for the 
entire series of papers, as each of the authors 
subsequently discussed topics related to some 
one of the factors outlined by Dr. Schwartz in 
his paper on “Principles of Graphitization”. 

It may be recalled that the chemical com- 
position of white irons is adjusted so as to sup- 
press primary graphitization during freezing, 
but elements promoting carbide decomposition 

silicon for example —are kept as high as 
possible for the purpose of decreasing the time 
required for subsequent malleabilization. 


Reported | 
M. L. Samuels & ( |,, 
Metallurgi: 


Battelle Memorial titut 
Columbus. O 


Liquid cast iron alwa 

tends to solidify th 
separation of grap tite, | 

the mold may take }y 

away faster than it is ihe, 
ated by freezing so }| 

solidification occurs at tem. 
peratures below the norma! 
freezing point. Such super. 
cooling was said to suppress 
graphite formation during 
freezing, so that white ip 

castings are produced. 

Dr. Scuwartz explained 
the malleableizing process 
as consisting of the soluti 
of iron carbide in iron (aus- 
tenite), its decompositio: 
and the migration of th 
carbon atoms to points where they can readi! 
precipitate as graphite nodules. Factors in! 
encing the time required for this series o! 
actions include holding temperature, composi 
tion of the iron, and items determining thy 
number of nuclei (which eventually becom 
temper carbon nodules). 

The effect of temperature upon the rate o! 
graphitization was attributed to the metastabl 
condition of iron carbide. The relative immobi! 
ity of the atoms at low temperature is replaced 
by an opportunity for chemical reaction as th 
temperature is raised, Within certain limits al 
least, the higher the holding temperature, tl 
faster will be the rate of decomposition of iret 
carbide into its constituent elements. 

Some facts about the effects of certain ele 
ments upon graphitization are knows. but there 
is much to be learned as to how they produc 
a characteristic effect. Stating that chromium, 
for example, retards graphitization because "' 
stabilizes the carbide is only another way © 


saying it retards graphitization; such a stale 
ment therefore adds nothing to the pictur 
Sulphur and some related elements | bably 


retard graphitization through the formetion 
films around the carbide particles. A covsider® 
tion of the effect of composition m 
include minor or gaseous constituents W 


also 


+h are 
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ily shown in chemical analyses. 
as said to retard the rate of carbon 
iron, hence to retard graphitization. 
ming from the melt, may affect the 
if rbide decomposition, but no one 
Ws h about this. 
and distribution of temper carbon 
eatly influence the time required for 
Jieabiization. Widely spaced nodules mean 
, must migrate long distances before 
ng as graphite and, conversely, closely 
paced nuclei decrease the time required for 
fusion. Factors influencing the number of 
emper carbon nodules are imperfectly under- 
ood. but the subject is an important one to 
producers of malleable iron. 

Cuarces H. Junge, research metallurgist of 
National Malleable & Steel Castings Co., in his 
paper on “The Suppression of Graphitization 
by Supercooling” described the freezing of cast 
ron as a sorting-out process analogous to sepa- 
rating a shuffled deck of cards into piles accord- 
ng to color. At high temperatures (liquid) both 
ron and carbon atoms are in a comparatively 
violent state of agitation, but as the metal starts 
to freeze, the tendency is for carbon atoms to 
break any chemical bonds holding them to iron 
s a carbide and separate and precipitate as 
eraphite. Such separation requires time and, 

freezing is rapid, it may be prevented. 
decreasing temperature finally forces the melt 


Continuous Hearth Furnace for Annealing 
Valleable lron. Heated by gas fired radiant 


to solidify, and even though the inherent desire 
of the alloys is to become a mixture of solid 
iron and graphite, it will find it easier to 
become solid iron and cementite (iron carbide). 
The author implied that any cast iron contain- 
ing eutectic carbide must have been subjected 
to a certain amount of supercooling. 

C. H. Lorig and M. L. Samvets, metallurgists 
at Battelle Memorial Institute, reported on 
“Some Effects of Hydrogen on the Time of Mal- 
leabilization”, wherein they discussed primarily 
the effect of hydrogen on nucleus formation. 
They compared the time required for mal- 
leableizing irons supersaturated with hydro- 
gen, irons from which the hydrogen had been 
removed by preliminary low temperature treat- 
ments, and others containing hydrogen to the 
extent absorbed during conventional melting. 

The response to both first stage malleabil- 


ization at, say, 1800° F. (the decomposition of 
massive cementite) and second stage malleabil- 
ization below A,, or 1400° F. (the decomposi- 
tion of remaining pearlite) was greatly 
increased by a low temperature pre-treatment 
consisting of holding the white iron castings at 
600° F. for 8 hr. If so pre-treated, specimens 
of “quick malleable”, taken from melts satu- 
‘ated with hydrogen, completed the second 
stage graphitization during cooling rates as 
high as 570° F. per hr. through the range from 
1150 to 1200° F. The same material not sub- 
tubes and equipped with atmosphere 

control. Courtesy Surface Combustion Corp. 
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jected to low temperature pre-treatment (which 
presumably drives off hydrogen) showed resid- 
ual pearlite after being cooled at a slow rate of 
50° F. per hr. The effect of the low temperature 
pre-treatments on shortening the malleableiz- 
ing evcle was attributed to a vastly increased 
number of graphite crystallization centers. 

Since the melts saturated with hydrogen, 
which were not subjected to low temperature 
pre-treatment, did not graphitize any faster 
it was concluded that the mere presence or 
absence of hydrogen did not afford an explana- 
tion for the difference. Nuclei, upon which 
graphite nodules form subsequently, seem to be 
created by the escape of hydrogen during the 
holding period at low temperature. 

W. D. metallurgist, McCormick 
Works of International Harvester Co., (in “The 
Effect of Composition on the Annealing of 
White Cast Iron”) showed the importance of 
silicon content in reducing the time for first 
stage malleableizing. Lrons containing Si 
required 21 hr. at 1700° F., whereas a 1.70 Si 
iron was fully graphitized after 3 hr. The con- 
clusions simply aflirm what has long been 
known; unfortunately advantage cannot be 
taken of the higher silicon contents when large 
sections are being cast, since the metal will not 
solidfy as white iron but as mottled iron on 
account of primary graphitization. 

An interesting side-light of Mr. MeMi_ran’s 
paper was that temper carbon nodules become 
fewer in number and consequently larger in 
size with continued holding time during first 
stage annealing (in his experiments at 1700° F.). 
One iron had an average count of 120 nodules 
per tield after 3 hr. at temperature and only 19 
after 7 hr. The mechanism by which, at con- 
stant temperature, small nodules precipitate 
upon larger ones was explained in this way by 
a discusser: The smaller particles of graphite 
dissolve in the austenite until a solid solution 
is formed which is supersaturated with respect 
to the larger particles. Precipitation then occurs 
on these larger particles and they grow at the 
expense of the small nodules. The moral is that 
a longer holding time than is really necessary 
for complete first stage annealing may actually 
be harmful by producing larger temper carbon 
nodules, which subsequently increase the time 
necessary for the residual carbon in solution to 
migrate during the second stage. 

The complexity of the atmosphere prob- 
lem in malleableizing furnaces was discussed 
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by R. J. Cowan of Surface Combus! 

(“Atmospheres and the Annealing of 

Iron”). The “matrix metal” in a mall. .})} 

casting changes during the annealing © le ¢, 
that of a very high carbon to a very lo» cay 
steel; hence, atmosphere control is nots sj 
as in the heat treatment of simple ste ts. 

Decarburization during first s: 
leabilization is very undesirable, bec us: 
prolongs the second stage or cooling porti 
the cycle. Pearlitic edges or the “picture fran, 
of white metal around a fully malleab); 
core was attributed to decarburization jy | 
stage annealing. Oxidation of carbon j; 
second stage produces tenaceous surface layers 
of ferrite which decrease machinability. | 
ideal atmosphere is one which is in equilily 
with the matrix of the casting at all stages 
the malleableizing cycle — an ideal which 
not been reached in industrial installations 

Three papers were presented at the s 
posium describing annealing furnaces. 

W. R. Bean and W. R. Jaescuke, 
president and foundry engineer, respectiy 
of Whiting Corp. gave an account of “Pe 
Malleable Annealing Furnaces’, stating 
over 70% of the malleable iron toda 
annealed in “periodic” furnaces. Thes 
naces may be divided into three types 
Floor-loaded pot type, (b) car type pot oy 
and (c) muffle ovens. In the first two ty 


furnaces the castings are placed in pols, \ 
or without packing material. The ratio of : 
ings to oven charge runs about 30 to 10 

packing, and from 10 to 50° when no pact 


is used. Annealing time per batch ranges ! 


Car Type of Periodic Annealing 0 
for Unloading. Courtesy Whil 


| 


7 days, and the cost per ton may be 


35.50. 

Pr ic muffle-tvpe ovens consist of one 
frac shell inside another, Combustion 
kes pace between the two shells and the 

er me is tightly sealed so no prepared pro- 
almosphere is required. These ovens are 

especi well adapted for annealing castings 


which, because of size and shape, cannot easily 
be pack d in pots. 

Electric malleableizing furnaces eliminate 
‘he need for heavy cast pots and packing mate- 
rial. and this reduces the time required for 
annealing, according to R. M. Cuerry of General 
Flectric’s Industrial Dept. Other advantages of 
“Plectric Furnace Annealing of Malleable Iron”, 

s compared with fuel-fired furnaces, include a 
better control of time-temperature relation- 
ships, decrease in the labor needed for loading 
nd unloading the castings, and reduction in 
the floor space required by about 50°. 

Electric annealing furnaces are available 
for either continuous or periodic operation. 
One continuous type furnace is equipped with 
driven hearth rolls which move loaded trays. 
\nother is of the pusher type in which a tray 
put in at the loading end pushes out another at 
ihe exit end. These furnaces, as any continu- 
us machine, require long periods of steady 
roduction for economical operation. 

One of the most successful of the batch type 
electric furnaces employs an elevator to raise a 
aded car into the heating chamber placed on 
stilts. The car is sealed at the bottom of this 
gas-tight furnace and no specially prepared 
rotective atmosphere is necessary. After first 
stage annealing is completed the elevator low- 
rs the car and its load, which is then shifted 
ver and raised into another furnace at the 


proper temperature for second stage annealing. 


Tunnel Kiln Type of Furnace 


R. J. AxNperson’s paper on “Malleable 
Annealing in the Dressler or Tunnel-Type Kiln” 
Was read by proxy. The author is general 
superintendent of Belle City Malleable Iron Co., 
which operates one furnace of this type. A 
train of cars, carrying white iron castings 
packed in pots, is pushed progressively through 
the kiln. When a car is pushed into the loading 
end of the kiln, the train pushes one out at the 
exit end. Sixty-two cars, each one loaded with 
M2 to 5 tons, are in the kiln at all times. A 
“I2-ear push” per day would give a satisfactory 
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annealing cycle of 124 hr., and a daily produc- 
tion (7 days per week) of 60 tons. The kiln is 
fired so as to provide a high temperature zone 
for first stage malleabilization near the loading 
end, and a lower temperature region for second ; 
stage malleabilization toward the the exit end. 
These furnaces are obviously suitable only for 
large tonnage production and, especially, for 
continuous operation. There are about nine of 
the kilns in operation in this country at present. 
J. H. Lansing, shop practice engineer of the 
Malleable Founders’ Society, presented a short 
paper on “Temperature Control of Graphitizing 
Furnaces”, in which he traced the development 
of methods for accurate temperature control. 
Modern malleable iron shops may use indicat- 
ing pyrometers with the firemen recording 
hourly readings. These data can be plotted in 
the form of a time-temperature curve so as to 
assist in interpreting irregularities in annealing 
results. Automatic multiple recorders are gen- 
erally preferable for their permanent record. 
Duncan P. Forses, president of Gunite 
Foundries Corp. and president-elect of Ameri- 
can Foundrymen’s Asso., discussed the produc- 
tion of malleable type irons in which the matrix 
contains an appreciable amount of combined 
carbon. His contribution was entitled “Graphi- 
tization of Arrested Anneal Malleable Iron”. 
The principles governing first stage malleabili- q 
zation of such irons are identical with those 
of regular malleable compositions but, in one 
method, the second stage anneal is modified so 
as to obtain certain desired properties. In 
another method a fully malleableized casting is 
reheated above the critical range to place some 
combined carbon in the matrix, Following 
either method of obtaining an austenitic matrix, 
the casting can be quenched, air cooled, or slow 
cooled according to the properties needed. 
Alloving elements may be judiciously 
chosen which sometimes permit the desired 
structures to be obtained without resorting to 
a rapid cool. This enables the founder to mal- 
leableize small batches of the special product 
along with regular malleable without interrupt- 
ing the annealing ecvele. 
Nomenclature, as in the case of so many 
new metallurgical products or operations, is con- 
fusing to those unfamiliar with this particular 
field. A malleable type of iron (one containing 
temper carbon nodules) may have a matrix con- 
sisting of almost any of the various austenite 
decomposition products, and vet be referred to 


as “pearlitic malleable”. i] 
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By G. A. Bri ver 
and M. M. Roc <welj 
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end of the stroke. Change 
by Str ess-Strain thickness in the cor 

Bae. alfect the average stress ; 

A typical distribut 


curve of compressive stra 
R | bd bd ° is also shown in Fig. 1, 7 

ationships in €. curve remains similg; 

character (though the 
strains increase in magnity 
from moment to mom 
throughout the draw) becay 

the Drawing of Metals it also is determined by ¢g 

metrical conditions. 

6.5 In Fig. 1 the largest sti 
(unit deformation ¢,) is op; 
site the smallest stress 
load f.) at the throat of 
wedge. This seems anomal 


~ But consider the movem 
INCE it has been established in an article pub- inward during an elementary pull through 
lished in Metat ProGress last month (“Wedge- die. During longitudinal movement dx the wed: 
Draw Test for Measuring Drawability”) that a test sides are forced inward parallel to their orig 
has been devised which closely simulates condi- location; movement dy is the same in magnity 
tions during the actual operation of drawing a at all points. However the ratio oy —n 


cylindrical cup, this further analysis of physical ‘ 
“ay conditions existing during deep drawing will be - greatest at the throat, where the width ¥ ob 
based on a study of the experimental results. ously is least. Figure 2 shows the wedge 
Figure 1 shows the loading conditions on a ; ; be 
coupon cut from 0.051-in. sheet being drawn any location in the draw. In addition to tt 
through the wedge-draw die. The terminology approximate distribution of [es there is also sho 
P,, the distribution curve of tensile stress f,. ‘The 

ter is a maximum at the throat, where it is eq 


additional stress and strain elements depicted | 


and vector relationships are shown at the left. 
the tension load on the coupon, is the only force 
which can be readily measured. P,, the compres- 


sive load acting on the sides of the coupon, can be / 

computed by simple geometry from P,, neglecting ny \ i 
friction, The diagram at the right of Fig. 1 shows 1 --------- 4 © 4000 tT \* 


the variation of P, and P, as the draw progresses. 
The distance x is the extent of inward (longi- 


tudinal) travel of the outer edge of the coupon. 3000 |} 7 v 
At any point in the draw the compressive 
age stress f/, is distributed along the edge Of the blank / / \ 


\ 
in a non-uniform manner, as indicated, and this Experimental 
J ( Values 


distribution changes as the draw progresses. How- 


ever, it is readily possible to compute the average 


1000 


value of the compressive stress, fe;....) from the "24 $0 Alclad ' 


Load, Lb (Scale for Pk and Ps) 


total compressive load P,. As the draw progresses | 
heey the area to which P, is applied decreases, so that force and Throat «1 In Ni 
fecave.) INcreases throughout the draw, reaching val- Stress Diagram 04 08 12 16 20 ry 
tM ues of the order of 100,000 psi. toward the end! It | Travel x, In. 
fs does not go to infinity because P,, which basically Fig. 1— Loading Conditions in a Wed 
produces the compressive force, drops to zero at the Coupon During the Drawing Operati 
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Pp roat area). From the throat outward 
blank edge it decreases, due not only 
in the cross-sectional area, but also to 
the effective value of the tensile load 

h it is derived; the latter decreases with 
itward from the throat, because at any 

s only sufficient to pull the material 


the greatest deformations occur at the 
ihe wedge, the variation of stresses and 
that point as the draw progresses are 
st significance. Figure 3 shows this varia- 
stresses at the throat, plotted as a func- 
the travel a’ of the end of the coupon which 

s gripped by the pulling device. (2° is equivalent 
the punch travel in the actual drawing of a cup.) 
The tensile stress f, at the throat rises to a 


at Throat of 


Fig. Stress and 
Shear Strain Diagram 
at Any Moment Dur- 
ing the Draw, Indicat- 
ing High Shear Strain 
Wedge 


maximum value at the end of the wedge-draw test 
The deformation of the metal at the throat 
takes place under combined tension and compres- 
sion, a condition that produces tremendously high 
deformation somewhat analogous to extrusion and 
wire drawing. As an example, a drawn 248-0 
aleclad cup has been found to have a tensile defor- 
mation of 110% in its flange just outside of the 
draw radius an elongation over nine times the 
guaranteed minimum under simple tension! 


Combined Stresses in Action 


The key to the phenomena described above 
appears to lie in the fact that combined compres- 
sive and tensile stresses, acting at 90° to. one 
another, produce shear forces P.,.,.,,, and P, 
which are additive along the diagonal or 
shear plane (see Fig. 4). This stress con- 
dition is commonly represented by the 
Mohr’s circle diagram. If tension and com- 
pression forees are equal, the combined 
shear stress is double that which would be 
produced by either acting separately. 

At the same time, the components of 
the forees and P,,... normal 

to the 45° shear plane cancel 


out, and there is no tendeney 


100 


maximum a little before mid- 
80 

stroke. and thereafter decreases 

is the amount of material to 

be pulled through the wedge 
| 60 


decreases. (In this regard it 
f course reflects the shape of 
the curve of P,, the tension 
load on the coupon in Fig. 1.) 

The curve of f,, the com- 


Stress, 1000 Psi. 


pressive stress at the throat, 20 
shown in Fig. 3, was computed 


fe; Compression 
Stress at Throat 


for the material to separate 
normal to this plane. If the 
compressive stress is increased 
to a value greater than the 
tensile stress, the total shear 
stress is increased still more, 


while the net normal com- 


. . 

_ ae ponent assumes a direction 
£: She Stry 
which presses the material 

/ 0a. 


together along the shear plane, 
instead of tending to pull it 
apart. Meanwhile the separa- 
tional tendency along the diree- 


from the average compressive fps Tensile SCNESS tion of the tensile load P, has 

0 remained constant, since P, is 
ready been pointed out, can constant. The net result of 
readily he derived from P, and Travel x of Grip Eng, m increasing compressive forces 
the ge inetry of the wedge. To Fig. 3 Size of Tensile, Compression 

and Shear Stresses at Throat of Wedge 


hts at the throat, it is 
necessary to make a computa- 

based on the theory of 
Col | flow stress and on the observed 


det ‘tions at the throat. Like 


th, 
n pressive stress f, at the throat 
ses the draw progresses, reaching a 


ector Relations and “Mohr’'s Circle” 
elations) for Combined Tension 
ression, Since the angles in Mohr’s circle 


‘wice the angles in the actual specimen, ‘2 


lisplacement between f- and f: vectors 
a 90° displacement in the part itself 


Vector Relations 


as Test Piece is Drawn Through the Die 


| 


Mohr’s Circi 


Stress Relations 
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is that the shear stresses continue to increase along end of the stroke. This component oppo -s 7 and 

d the diagonal planes, but the separational stresses tends to thin the material. 
‘ are always equal to, or less than, their original The net effect on thickness of these t Oppos. 
b values due to the tensile force acting alone. From ing forces is given by the solid curve f’-/" Pig | 
Bt this point onward, any failure which occurs must which compares very well with the asured 
+3 be a shear failure. thicknesses shown as curve ¢. In the early portio, 
ae The above reasoning was applied to the data of the stroke f” predominates, with a slicht thip. 
obtained from the wedge tests, and the internal ning tendency. Before mid-stroke the two balane 
Bp shearing stresses calculated. The curve marked out to give a thickness unchanged from the nop. 
“in /. in Fig. 3 represents the inal gage, and at the eng 
calculated shear in a plane of the stroke the thicken. 
normal to the top and bot- ing tendency great) 
2 tom surfaces of the sheet predominates over th 
es and at 45° to the direction thinning, which drop, 


of tensile pull (the cross- toward zero. This is read. 


hatched surface on Cube A ily observable in  practies 


(Fig. 5). Figure 5 shows drawn parts, and agree. 
the shear stresses f, from ment between calculate 
Fig. 3, as well as f° and [” and actual thickness wou! 
ree acting along the two other seem to corroborate tt 
15° planes through the ele- correctness of the caley 
mentary cube. tions and theoretic 
It is to be noted that é assumptions. 
Trave! x’ of Grip End, Jn 
only the plane shown in Hold-Down Load 
5: Cube A sustains a condition Fig. 5 —- Sketches Showing Origin of the Three The compressive stress 
i corresponding to Fig. 4, Coordinate Shearing Stresses on the Elementary tend to be relieved | 


Cube, and the Variation in Their Magnitude at 


uckling of the wedge 
the Throat of the Wedge During the Draw buckling o ; ee 


wherein ff. and f, are com- 


bined; hence, only in this the flange of the blank 
case does the shear stress f, an actual drawing op 
rise to relatively high values. Figure 3 shows that tion). To prevent this a cover is provided in | 
with a maximum fensile stress f, of only 29,000 wedge die, held down with a considerable fo: 
psi., When the test piece has been drawn about in a compression testing machine, thus simulal 
‘ 11, in., the shear stress f, is 35,000 psi. If the the action of the hold-down ram acting on t! 
tensile stress were acting alone, without side com- draw ring in a double action press. This h 
pression, the shear stress on the 45° plane would down force adds another component which shou 
be only ‘ef, 14,500 psi.; to bring it up to its be shown as a vertical stress acting on each « 
*: actual value of 35,000 psi. would require a simple mentary cube in Fig. 5. The shear componen! 
tensile stress equal to 2 * 35,000 = 70,000 psi., this vertical stress is usually of little importa 
Bee. which is far above the ultimate strength of the relative to the other stresses, but if very high h 
» material (35,000 psi., when tested under the most down pressures have to be used to prevent W! 
1 favorable conditions). kling, it becomes an appreciable factor toward |! 
a Despite the fact that toward the end of the end of the draw when the area of material cary 
\t draw the tensile stress /, rapidly decreases toward ing the total load becomes so small as to increas 
oh zero, the shear stress f, remains at a high value. the unit stress greatly. The hold-down load th 
: The reason is that an increasingly great component offers a decided opposition to the thickening ac! 
i) is being contributed by the compressive stress /,, which tends to occur at the end of the stroke a! 
. which continues to rise, as already shown in Fig. 3. sometimes completely arrests this tendency. 
eu In the case of f’ and f” (planes 
shown in Cubes B and C of Fig. 5) 006 


combined stress is not present (neg- Fig. 6 — Resultant of oi J 

lecting the hold-down pressure, Throughout the Original Thickness 

4 which will be discussed later). Since Wedge-Draw Test, —_Q04 
Correlates Well With 
: f’ is a shear component of the com- Thickness t of Piece at 
pressive stress f, alone, it increases Throat During the Test 
throughout along with f.. It acts in 

such a direction as to tend to increase 

the thickness. The other shear stress /” is a shear component ” 


In 


ThiCkNess, 
S 


of the tensile stress f, alone, and so follows the same curve, oO 0 7 2 3 f 
passing through a maximum and dropping to zero toward the Trave/ x’ of Grip End, /7 
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Fig. 7 Wedge of 248-0 and 24S-W at Limiting r: R 
Ratios. Specimen 17 failed due to excessive hold-down 


\lso, the vertical hold-down load acts as a 
compressive stress to combine with the tensile load 
along the shear plane in Cube C, Fig. 5, and tends 
o increase the shear /”. This in turn gives a 
higher shear along this plane relative to the separa- 
tional stress /, and contributes to the high deforma- 
tion obtainable in the direction of the tensile load 
al the latter part of the draw. 

The phenomena associated with high hold- 
down pressure are more likely to occur with thin 
than with thick materials, since the latter have 
less tendeney to wrinkle under the sidewise com- 
pressive stresses and so require less hold-down 
pressure, 

If hold-down pressures become excessive, the 
tendency to help matters by the “extruding” action 
may be counteracted by the heavy friction load 
imposed on the material still in the wedge. This 
ellect is especially pronounced with light gages, as 
nay be seen in Table I in the article last month, 
Which shows better limiting r: R ratios for thick 
than for thin material. Specimen 17 in Fig. 7 
shows failure in a 24S-O alelad wedge, 0.051 in. 
thic vhen a relatively heavy hold-down pressure 
Was used. Excessive pressures will therefore raise 
the critical r: R ratio. 

thickening tendency at the end of the 

su » concretely demonstrated by the rise in 

I n load as the wedge is pulled through, 
‘Ss observed to be as much as 75%. 

Vodes of Failure in the Drawing Opera- 

(in Fig. 3 the curve of f,, the tensile stress 
to pull the material through the wedge, 


load on the cover plate; specimen 15 of same material 
and dimension, but more lightly held, drew successfully 


rises above the ultimate strength of the material, 
the wedge will fail in tension somewhere in the 
narrowed portion that has come past the throat. 
(It should be noted that this ultimate strength 
approaches the “true” ultimate value for the mate- 
rial; that is, the stress figured on the true area 
just before failure, and is therefore higher than the 
conventional value from tension test results.) This 
condition will occur if the wedge angle is made too 
acute, or the length to be drawn is too great, which 
in turn corresponds in practice to an attempt to 
draw a cup too small in diameter from too large 
a blank in other words, to attain too low an 
r:R ratio. 

If the r: R ratio is above this critical value, 
the maximum on the curve of tensile stress versus 
travel will be safely under the value representing 
the ullimate tensile strength of the material and 
no tensile failure will occur. However, at some 
later portion of the stroke the maximum shearing 
stress may exceed the ultimate strength of the 
material in shear, and shear failure will occur. 
This is shown in Fig. 7, wedge 6, and more clearly 
in Fig. 8. Figure 9 illustrates the same type of 
occurrence in a drawn cup. Thus, a material to 
have good deep drawing characteristics or draw- 
ability must pass a severe reduction (low r: BR 
ratio) without failing in tension at the draw radius 
or cup bottom, and also must not shear in the 
wedge area or flange. A study of the wedge tests 
of 24S-T illustrated in Fig. 6 of last month's article 
would lead one to anticipate the results photo- 
graphed in Fig. 9, and indicates that the wedge 
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Fig. 8 Slippage Plane Developed Near End of Stroke on 
Wedge of 52S-'2H. Outermost views are top and bottom 
of original test piece, one with polar and one with rectangu- 


slippage plane is y 


a good deal more study 7 
erence to the true nat: f the 
phenomena which occu ver 
strained crystal structy 

This distortion of grid 
lines occurred when rR 
ratios approached the tical 
but only when the criti: indi 
tion was one of shear failure, 4 
general instability of the mate- 
rial seemed to occur when th 


sample approached failure. Unt; 
this time is reached, the erid pat- 
tern remains fairly regular. On 
of a series of tests on 52S-'.H 
for instance (Fig. 8), shows shea; 
at the critical limit when r:R 
0.576. Test pieces of this mate- 
rial with r:R 
passed, and the grid lines wer 
not nearly so badly distorted. 
Table I of the earlier artich 


0.606 successtully 


lur coordinates; inner pair are respective views after test 


test successfully duplicates the conditions of fail- 
ure met during drawing operations in production. 

Examination of the shear failure in specimens 
such as No. 6, Fig. 7, shows that such failure 
always occurred on the 45° plane (see also Fig. 8). 
A similar phenomenon is, of course, well known 
in the Lider lines commonly observed in simple 
tension tests, but in the present case it is evidently 
the result of the shear from combined stresses. 
The actual distortion of the grid lines across the 


Fig. 9 Comparison of Wedge- 
Draw Coupons With Drawn 
Cups. Shear failure in the cou- —" 
pon at r:R=0.692 is duplicated 


includes interesting data on th: 

types of failure occurring in al 
the materials tested, when the r:R ratio was crit 
cal. All except test pieces made of aluminum in 
the 24S-O condition failed in shear in the wedge, 
although they could have been made to fail in 
tension at the neck had ratios well below th 
critical been attempted. 24S-O, however, failed 
in tension in all cases (see Fig. 7), and the grid 
patterns observed on the coupons were very regu- 
lar. Little indication of frictional effects at th 
edges was noticeable. 


— 


she 


by edge cracks in the et 
0.695; successful coupon 
at r:R=0.712 predii 
perfect cup of r:R 
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T°" INCINNATI, to tell the Porcelain Enamel 
Institute that the simplest metallurgical use 

for idle furnaces (disused for metal signs, and 
stove and refrigerator bodies) is for annealing 
» improve machinability of bars, disks and 
forgings —a real bottleneck these days, what 
with the expanded production of alloy steels 
vhich steel mills usually ship as rolled. Like- 
wise the work could be done en route from steel 
mill or forge shop to machine shop, and cause 
the least back-tracking and delay in transit. 
Surprised enough to find that a few enamelers 
had already rebuilt furnaces and 

Jobs for installed quenching and straight- 
Porcelain ening equipment and were heat 
presum- 
ably the most diflicult of all heat 
(Or is it 
really as occult as the military censor would 


Enameling treating tank armor 
Furnaces 


treating operations, 


have us believe?) Another is getting ready to 
teal treat aluminum castings, a job requiring 
ihe most accurate temperature control and uni- 
lorn ..Can we ascribe this adaptability to 
‘he excellent equipment available in enameling 
plants? The furnaces, either box-type or con- 
n usually have carborundum muffles, 
ic control, and equipment for handling 
s ky loads rapidly, and thus are already 
better than those that made the 
Stull the 1914-1918 war. Or is this boldness 
¢ unrelated technical fields due to the 
id knowledge about the science of 
in this event the @ can certainly take 


By The Editor 


a bow, and the afore-mentioned 
hush-hush censor take note. ...Any 
man, porcelain enameler or other, 
who has an idle furnace capable of 
operating at 1600° F., should write 
immediately to Warrer 
metallurgist of Timken Steel & 
Tube, Canton, Ohio, describing the 
equipment. He will transmit to 
War Production Board his recom- 
mendations and the Board will 
allocate the work. 


BSERVED that melting of 

enamel on thin metal is a sur- 

face effect; work is light and is in 

and out of the furnace in a few min- 

utes. On the other hand, heat treat- 

ment of metal is a deep effect; 

cycles are measured in as many hours. Surface 
Combustion Corp.’s C. Cone, at the same Cin- 
cinnati meeting, said that a burner arrangement 
which is correct for frequent door openings will 
overheat the front when doors are closed for 
long periods, so the first thing that has to be 
done to enameling furnaces is to rearrange 
burners, frequently installing a half dozen small 
ones in place of one large one. Next, much 
heavier loads must be handled, and that can be 
done either by adopting some sort of car-bottom, 
or reinforcing the present charging forks. In a 
typical box-type enameling furnace, 5 * 12-ft. 
hearth area, annealing costs are rather high, 
some quotations for specific jobs being: Anneal- 
ing small cast hooks, soaking 
in boxes 3 hr. at 1600° F. and 
furnace cooling, $15 per ton. 
annealing 15-ton loads 
of 37-mm. shot, $30 per ton 
for the following cycle: 2 hr. at 1450° F., drop 
to 1350° and hold 12 hr., cool at 30° F, per hr. to 
1000° F. (frequent manual adjustment of heat 
control during cooling means high labor cost). 
Small tank forgings that require normalizing 
at 1750° before pack annealing as above will 
cost $50 per ton... .Annealing for machinability 


Annealing 
Cycles for 


Machinability 


is a time-consuming operation, especially if com- 
pletely spheroidized structure is demanded. 
Watcrer Hitporr said, however, that the impor- 
tant chromium and chromium-molybdenum 
steels 52100 and 4155 can be machined excel- 
lently when the microstructure is moderately 
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course lamellae (Brinell 183 to 212) and _ this 
can be achieved in as-rolled bars in the shortest 
time by a fairly long stay within the Ar,-Ar, 
range and a slow cool to below Ar,;. A very 
yood evcle is: Hold 2 or 3 hr. at 1480° F., cool 
to 1350 at 50° F. per hr. hold at 1350 for 3 or 4 
hr. cool to 1200° F. at 10 or 15° F. per hr., and 
then in air. The “S” curve (see Oct. 1941 issue, 
p. 917) shows the logic of this evele. Cooling 
just through Ar, and holding a long time is 
the same thing as “transformation to lamellar 
pearlite at constant sub-critical temperature”. 


NTERESTED to find that men at Naval 
Research Laboratory at Anacostia have 
turned cosmic rays to metallurgical account. 
(Doubtless their precise minds revolt at this 
catch line, a crude approximation to the exact 
truth.) What they are really doing is using 
“Geiger-Muller counters” for exposure meters 
on radiographic film, for scanning an area to 
discover gross defects in less than 1° of the 
photographic time, and for measuring the 
precise quantities of diffracted radiation from 
atom planes when making an analysis of crys- 
talline structure....A Geiger-Muller counter, 
as vou may know, is a gas-filled tube with 
cathode and anode so sensitively balanced that 
a single electron released 


Cosmic Ray within it by a quantum of 
Counter for hard radiation will “trigger” 
Radiographic a discharge of millions more 


Exposure Meter — ¢lectrons. For such work as 

FriepMAN showed 
me at Anacostia, the tube must also be quick, 
because while it is discharging it is obviously 
insensitive to the arrival of a second photo- 
electron. He uses some counters fast enough 
for 50,000 discharges per sec.; such a tube misses 
less than one in a hundred coming along in a 
stream at random time intervals when the aver- 
age rate is 500 per sec.....Next the problem is 
to count that fast! Mechanical counters miss too 
large a number at only 10 random pulses per 
gear down” 


sec., and it is almost hopeless to 
the speed that low. The simplest way of count- 
ing is electrical; a frequency meter circuit 
delivers current to a micro-ammeter that is pro- 
portional to the number of discharge impulses 
per second from the counter. ...Now what's this 
got to do with exposure meters? Simple enough! 
Suppose that a heavy casting is to be inspected 
and the radium (or X-ray tube) is in place and 
the film attached. Knowing by preliminary 
experiment that 1,000,000,000 X-ray or gamma 


ray quanta must get through the tal 
blacken 1 sq.em. of film to correct 
is only necessary to bring the coun » wi 
its l-sq.cm. window up behind the fi l) 


micro-ammeter pointer then swings ©: er 1 
portionately to the amount of radiatio: get), 
through the casting at that spot, and its sca), 
calibrated for time required to count 1.\00,0% 
(00 impulses. The correct exposure yay) 
read directly from the meter. In fact, | wh 
area can be scanned very quickly and the o 
rect exposure for the thickest area determine, 
In this way all variables in emissivity or volta 
of source, in focus-to-film distance, or unkno 
variation in metal thickness, are automatical| 
taken into account. 


EMINDED that, prior to the last war, it y 
a rule-of-thumb that ingots should be forg 
3 to 1, at least to one-third the original diny 
sions, “to make them amenable to heat tres 
ment”. Gradually it became evident tha! 
smaller amount of mechanical fragmentation o! 
the original crystals was enough to encourag 
diffusion and recrystallization; unnecessary | 
work was not only costly but in some directions 
harmful, for it would also squeeze the int 
dendritic segregate into preferred directions a , 
cause such things as “transverse weakness” 
that is, poor ductility in directions perpendi 
lar to the principal extension by working. 5 ' 
1.5 to 1 became acceptable for large forging , 
....Is not the time-honored rule of heating a! 
soaking, usually stated as “I lu ' 
How Long per in. of section”, equal! 
Must Steel archaic? Except in the case ‘ 
Be Sanhked the largest forgings, where | 
effect of mechanical work doe 
not penetrate to the center, 
appears to be principally a concession to sale! ‘ 
in days when the heat treater had a vague id 
of the temperature within his charge. In thes 
days when one can put heat rapidly and ui- ‘ 


at Heat? 


formly where he wants it by vigorously circule! 
ing a hot protective atmosphere, and ca 
measure the temperature by a_thermocou) 
placed centrally in even a big load, why !! | 
“1 hr. per in.”? Time at heat is rather a fun 
tion of the job to be done there, and should ! ; 
measured by the original segregation, the degt 
of homogeneity desired, and the speed ai whi 
some sluggish atoms e! 
the use of the qualitative term “heat uniform) | 
Who can define the correct degree of u itor 


itv, quantitatively, in degrees Fahrenhe | 
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0 MEETING of the American Iron & 
T S stitute in New York, and found those 


‘ietly proud of achievements of the 
men who are driving the entire 


rodt 

dus irrently at 99.6 of capacity, and at 
ottel n 90° of capacity for more than 21 
montl ‘the longest sustained effort in’ the 
~ecord of steel making”, in the measured words 


Warer Tower, its president. Electric fur- 
duction during the last 12 months has 
-icen to more than three times the output for 
nv vear prior to 19410, with openhearth produc- 

a tion of alloy steel at a similar 
VE 8000 ratio. Hence the importance of 
Steels Save alloy conservation, best exempli- 
Nickel and fied by the NE 8000 steels, itself 
the creation of AISI’s Technical 
Committee on Alloy Steel. (Chair- 
manned by Carnegie-Ilinois’ 
metallurgical engineer, 26 of the 28 committee- 
men are ASMembers.)....National Emergency 
NE 8000 steels utilize the recoverable alloys in 
the circulating scrap by adding together the 
combined effects of a little nickel (0.60° max.), 
i little chromium (0.60° max.), a little more 
manganese and silicon than ordinary killed 
steel requires, and a litthe molybdenum (0.40% 
max.). Each alloving element slightly “intensi- 
lies” the action of the others, and these excellent 
iew low alloy steels undoubtedly will be found 
capable of doing most of the jobs the more 
conventional S.A.E. analyses have worthily done 


ol 


we 


Chromium 


for many vears....How the general idea works 
out in the conservation of nickel is this: Of the 
nickel now going into steels of the 3000 and 4000 
series, 80 to 35° eventually finds itself in scrap. 
Of this nickel considerably less than half has 
so far been recovered; although the metal does 
not slag off, the scrap has been melted into 
steels where the residual nickel is not counted 
‘sof value. This nickel so wasted will make as 
many tons of NE 8000 steels, most of which are 
substitutable for S.A.E. 3000 and 4000 steels, as 
the entire 1941 production of S.A.E, 3000 and 


(LONSERVATION Note — The steel industry, 
A} 
ie use of such addition agents and 


deoy rs as titanium, “alsifer”, silico-manga- 
Nes ‘on and 50% ferrosilicon, has cut its 
ui n consumption from 0.69 to 0.56. Ib. 
per f ingots. Just a little; but multiply 
this ¢ by & million tons of steel and we 
save tons of aluminum. Statistical experts 
“al ss this in terms of flying fortresses. 


the news that manicure scissors 

could no longer use its thimbleful of steel, 
along with 400 other humble items, and 
recalled the “Critical Point” made many months 
ago that war has an insatiable appetite, taking 
all vou have and then demanding more. But 
if it takes all the steel, all the copper, all the 
nickel we can possibly make, it is going to take 
all the food, all the oil, all the cotton, all the 
lumber, all the transportation, all the manpower 
of America as well! What this simply means is 
that we are reaching the limit of our produe- 
tivity, and must now see to it that nothing is 
wasted, not even the results of this labor. Hence 
the reports of ship sinkings on our east coast, 
250 by United Press count in the 180-odd days 
since Pearl Harbor, is bad, bad news only 
intensified by official condolences from Wash- 


ington....That same source is 
Steel Plate as fond of blaming all defi- 
Not Holding ciencies in the shipbuilding pro- 
Back the gram on a supposed shortage 


of steel plate. There simply 
must be a whipping boy! But 
let’s look at the record: Arruur Mckee in Mevar 
ProGcress last December estimated that we could 
produce 10 million tons of plate per vear plus 
at least 516 million more from mills designed 


Shipbuilders 


for 24 to 48-in. strip. Suppose we count on only 
12 million a year, one million tons of plate a 
month. Actual deliveries to all government 
agencies have been creeping steadily up from 
790,000 in February to just over one million 
in May. Of course that’s not all for ships; it 
includes requirements for the Army and Navy, 
and also for the railroads and new war plants; 
currently these others are taking 70° of the 
tonnage. So if ships are paramount to tanks, 
railroad cars, or synthetic rubber plants, all 
that is necessary is to tell the right man and 
plates will swamp the shipyards. Let the mani- 
curists and other humble consumers of the 4100 
missing steel items reflect that C. E. Apams, 
chief of the Iron and Steel Branch of W.P.B., 
has assured us that for the fourth successive 
month, shipments on Maritime Commission 
orders met the tonnage asked....Of course, it 
takes more than steel plates to make a cargo 
ship. American Iron & Steel Institute computes 
that 4500 tons of ingots are needed to make the 
hull, machinery and fittings of a Liberty Ship: 
the industry makes enough steel for 50 of these 
daily — vet the peak of the shipbuilding pro- 
gram is four per day in 1913. Shipways, engine 
plants, workmen and managers (Cont. on p. 869) 
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By C. E. Pek 
Heating Section Ey 
Westinghouse Electric & 
East Pittsburgh 


Equipment A; control) 


atmosphere generator 


Application of thermic or unheated se 


An insulated refractory |i; 
combustion chamber js fj 
with suitable catalyst a, 
fired at one end by means 


Controlled Atmospheres 


flows through a ratio cont; 
device which meters th 

and air; flow of these co, 
ponents is indicated on flo 


to Heat Treating meters. A mixing pur 


‘Luz DEVELOPMENT and application of 
separately produced controlled atmospheres has 
grown rapidly for several years. Controlled 
atmospheres are now an important component 
in the great majority of heat treating processes 
where quality control and uniformity of product 
are required. The scope of the present article 
is limited to a brief discussion of controlled 
atmospheres produced in separate equipment, 
as distinguished from the furnace equipment 
used in the heat treating process. Atmospheres 
produced from fuel gas sources and from 
anhydrous ammonia will be described. 

The types of controlled atmospheres pro- 
duced from commercially available fuel gases 
and also from anhydrous ammonia are sum- 
marized at the top of the data sheet, page 815. 
The description used and the assignment of a 
number to each of the principal classes of con- 
trolled atmospheres is for reference and identifi- 
cation throughout the remainder of this article. 
The relatively large difference in cost between 
the various atmospheres produced from fuel 
gases (No. 1 to 5) and those produced from 
anhydrous ammonia (No. 6 to 8) has resulted 
in a much wider application of the former. 

The various component functional equip- 
ments required to produce the atmospheres 
described in the table may be summarized as: 
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moves air and gas to 
burner and on through | 
combustion unit. The gas 
from the exit side are coo| 
down to within 10° F. of | 
cooling water that is ava 
able by means of an enclos: 
surface condenser and the resultant moistur 
separated and drained. 

Equipment B; controlled atmosphere 
erator (endothermic or heated type). 1! 
equipment is same as Equipment A except t! 
the combustion chamber consists of a hea! 


Fig. 1 Generator Fed With Gas-Air Mixtu 
That Outside Heat Must Be Supplied to Complet 
tion. Capacity 1000 cu.ft. per hr. of gas suitabl 
hardening tool and alloy steels without deca ; 
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Prepared 


By C. Ek. Peck, Westinghouse Electric & Mfg. Co. 


Atmospheres 


Composition and Cost of Typical Controlled Atmospheres 


at 


n 


reat 


a 
re 


bo it 40 


nately 


with 


gas 


ut three times 


b) Dew points correspond to room temperatures unless 
equipment is 
by simple refrigeration equipment; to — 50" 


ixiliary drying 
duced to 40 F 


of values given. 


ydrogen city gas, ratios are about 50° of values given; for 
medium hydrogen and high CO, 


added. Dew 


or less by use of absorbent towers. 
c) Values are in cu.ft. for high methane natural gas. 


For propane, ratios 
twice the values given in the table, and for butane 


point 


ratios are 
S are approxi- 


may be 


given, and for butane one third 


Arr-Gas APPROXIMATE COMPOSITION Dew GAS FOR COST PER Naruare or 
M DESCRIPTION Ratio M Cu.Fr M Cu.Fr 
N, CO CO, CH, O,| | ATMOSPHERE 
N Completely burned 10:l/a) 890 05 100 05 00 0.0 (b 115 (¢) $0.08 (d) Non-combustible; 
fuel slightly reducing 
N Partially cracked fuel 6:1 /a) 69.0 100 50 150 10 0.0 (b) 145 (c) $0.10 ;d) Combustible: toxic: 
Self propelled) a = medium reducing 
N Completely reacted 2.75:1/a) 41.7 190 00 380 13 00 10" F 200 (c) $0.18 to Combustible; toxic; 
fuel (Auxiliary heat 0.25 (e) most reducing 
needed) 
No. 4 No. 1 scrubbed of 10:l(a/ 980 10 00 10 00 00 50° F 125 (c $0.20 to Non-combustible ; 
Co, and H.O 0.40 /e) inert 
Ni No. 2 scrubbed of 6:1/a) 720 110 O00 160 10 0.0 50° F 150 (¢) $0.22 to Combustible; toxic; 
co, and H.O 0.42 (e) reducing 
No. 6 Dissociated ammonia No air 25.0 00 00 750 00 00 60° F 22.2 lb. NH $2.00 to Combustible ; 
4.00 reducing 
No. 7. No. 6 completely 188:l1/g) 990 00 0.0 10 00 00 (b) 13.7 lb. NH $1.20 to Non-combustible; 
burned 2.40 (f) inert 
No. 8 No.6 partially burned 1.25:l1/g) 800 00 00 200 00 0.0 (b) 14.9lb. NH $1.30 to Combustible; 
2.60 slightly reducing 
a) Air-gas ratios are representative for natural gas For various types of manufactured city gas, double the 
containing practically nothing but methane. For high values given. For propane, requirements are half of values 


(d) Costs figured on raw natural gas at 50¢ per M cu.ft., 


electricity at 


Low 


value 


when 


per 
for cylinder quantities. 
per kw-hr 
(g/) Dissociated ammonia 


l¢ per kw-hr., water at 5« 
city gas usually doubles the cost figures given. 
reactivating 
with steam; high value when using electrical heat 
f) Costs based on 7 
16¢ per Ib 
tion at 


lb. NH 


moisture 


per M gal. Use of 


absorbent 


in tank car lots and 
Electricity for dissocia- 


Atmospheres Suitable for Heat Treatment of Different Metals 


M 


Li 
Medi 


High 


Alloy 


\TERIAL PROCESSED 


arbon steels 
im carbon steels 


carbon steels 
teels, medium & 
h carbon 


speed toolsteels 
luding molybdenum 


ymmium & 


ickel-chromium 


ilicon steel, 
trical sheet 


brasses 


Copper-nickel alloys 


irbon steels 
m & high carbon 


teels, medium & 
arbon 
irbon, high 
illum steels 
steels 
or brass 


carbon steels 
irbon steels 

els, medium & 
arbon 

ed toolsteels. 

ng molybdenum 
peeds 


of ferrous 


PROCESS 


Anneal 
Anneal 

(no decarburization) 
Anneal 

(no decarburization) 
Anneal 

(no decarburization) 
Anneal 

(no decarburization) 


Anneal 


Anneal 


Anneal 
Anneal 
Anneal 


Automatic Brazing or Soldering 


Copper brazing 
Copper brazing 

(no decarburization) 
Copper brazing 

(no decarburization) 
Copper brazing 


Copper brazing 
Phos-copper brazing 
or silver soldering 


Hardening 
Hardening 
Hardening 


Hardening 


Tempering or 
drawing 


Time CYcLe 


TEMPERATURE 
RANGE, "'F. 


Bright or Clean A 
1200 to 1350 


1200 to 1450 
1200 to 1450 
1300 to 1600 
1400 to 1600 


1800 to 2100 


1900 to 2000 
400 to 1200 


800 to 1350 
800 to 1400 


2050 
2050 
2050 
2050 
2050 
1500 to 1600 


Bright Hardening and 


1400 to 1600 
1400 to 1800 
1400 to 1800 


1800 to 2400 


400 to 1200 


“Long” if 
Over 2 Hr.) 


nnealing 
Long 


Long 
Long 
Long 


Long 


Short and long 


Long 


Long or short 
Long or short 
Long or short 


Short 
Short 


Short 
Short 


Short 
Short 


Tempering 
Short 
Short 
Short 


Short 


Short 


Operations 


ATMOSPHERES 


ATMOSPHERES 


COMMONLY 
SURFACE GIve DESIRED 
USED 
RESULTS 
Bright 2,4, 5,6, 7,8 2 
Bright 4.5,6,7.8 4 
Bright 4,5,6,7,8 4 
Bright or clean 4,5,6,7,8 4.5 
Bright or clean 4.5,6,.7,.8 4 
Bright 6 6 
Clean 4,7 4,7 
Bright 1 l 
Clean 1 1 
Bright 4,7 4 
Bright 2,3,5,6,8 2 
Bright 3,5,6,.8 3 
Bright 3.5.6.8 3 
Bright 6 6 
Bright 6 6 
Bright l 1 
Bright or clean 3,4, 5,6, 7,8 3 
Bright or clean 3.4, 5,6, 7,8 3 
Bright or clean 3,4, 5,6, 7,8 3 
Bright or clean 3,4, 5,6, 7,8 3 
Bright or clean 2,4 2 


| | | "4 
hich speed 
a4 
| 
Co; 
7 
Med 
= 
M 
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IN THE BATTLE OF PRODUCTION 


All over America, engineers and production 
men are converting plants to war needs. 
These men know they can...upon request... 
get helpful suggestions from us about ways to 
speed up the working of metals and alloys. 

This helpful information has been mobil- 
ized into convenient charts, pamphlets and 
other printed pieces. These tools-in-type range 
from technical data for engineers to simpli- 
fied reports on performance of alloys contain- 
ing Nickel under specific operating conditions. 

Here, also, are correlated latest reports 
from the field about selection, fabrication and 
uses of ferrous and non-ferrous Nickel Alloys. 


And, as further support for yo 
production, we offer personal assista 
members of our technical sta‘. \ 
experience in many plants facing 
dificulties, these men become 
helpful. During wartime, Nickel ... 
formation about Nickei... must 
best serves the United Nations. 
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er for Scrubbing CO, Out of Prepared 
and Auxiliary Equipment for Recovery of 
atmospheres free of CO, will bright anneal 


ent 

h ca and alloy steels without decarburization 
ital’ hamber; external heat is required to 
maint the air-gas mixture at sufficient tem- 
yerature for complete reaction of the gas. See 
pers 


Fig. 1. ge 814. 

Equipment C; carbon dioxide removal sys- 
tem. This is an auxiliary to Equipment A when 
4 is desired to remove the carbon dioxide from 
the effluent before using it as a controlled atmos- 
yhere gas. In it an organic chemical solution 
(mono-ethanol-amine) is continuously recir- 
culated to absorb the carbon dioxide. The liquid 
containing the carbon dioxide in solution is 


reconditioned by heating, which drives off the 
carbon dioxide gas to waste. A system of pumps 
and heat interchangers is used for efficient and 
economical operation. See Fig. 2, above. 
Equipment D; for partial removal of mois- 
ture. This has many of the elements of a domes- 


cabinet. A system of baffled finned coils inside 
a cabinet cools the gas to about 40° F. and thus 
reduces its moisture to that corresponding with 
the dewpoint (see data sheet in October 1911 
Reference Issue Metat Progress, page 9571). 
A hermetically sealed refrigerating compressor 


tic refrigerator, and is mounted in an insulated moves the refrigerant through the cooling coils. 


General Applications of Controlled Atmospheres 


SUITABLE APPLICATIONS 
No.1 1. Bright annealing of copper and clean annealing of brass. 
of gases. 


3. Processes requiring inert atmosphere, where CO, is not objectionable. 


No. 


bo 


bon steels and alloy steels. 
tion is not a factor. 
caused by reducing properties of gas is not a serious factor 


decarburization. 
An efficient carrier gas for gas carburizing. 


permit little or no decarburization. 
are required. 
long or short cycles without oxidation or decarburization 


high speed steels. 
An atmosphere for annealing high silicon steels. 


out oxidation or decarburization. 


components generated during the heat treating cycle 

Brazing high carbon and alloy steels without decarburization 
No.6 1. Bright annealing of stainless steels. 

Bright hardening of high carbon, high chromium toolsteels 

Bright annealing of high carbon steels without decarburization 

Brazing of all types of ferrous metals. 


coatings, fluxes, or special brazing alloys. 


hydrogen. 


2. Inert atmosphere for purging enclosures of explosive or combustible mixtures 


Bright annealing and bright tempering of ferrous metals on short and long 
heating and cooling cycles. Is usually decarburizing to medium and high car- 


2. Copper brazing of ferrous metals (except stainless steels) where decarburiza- 
3. Brazing of non-ferrous alloys at low to high temperatures where embrittlement 
4. Applications in powder metallurgy requiring moderate reducing action 
No.3 1. Bright hardening of high carbon steels and alloy steels without oxidation or 
Brazing of ferrous metals, particularly those containing high carbon and which 
4. Sintering and powdered metal processes where very high reducing properties 
No.4 1. Bright hardening and bright annealing of all carbon and alloy steels on either 


2. Annealing and hardening of high speed toolsteels, such as the molybdenum 


+. Long cycle annealing of a wide range of straight carbon and alloy steels with- 


No.5 1. Annealing carbon and alloy steels on long cycles without oxidation or decar- 
burization, particularly for sealed work where gas must overcome decarburizing 


The only gas which will copper braze stainless steels directly without use of 


Applications requiring a high hydrogen source costing much less than cylinder 


No.7 Applications as outlined for gas No. 4. Additional drying equipment 
julred to reduce dewpoints to —50° F. or lower. 

No. 8 Applications listed for gas No. 4. 


UNSUITABLE PROCESSES 


Bright annealing of ferrous 
metals as a general group, since 
CO, and H.O act as oxidizing 
agents. Is highly decarburizing 
to ferrous metals heated above 
1200” F 

Bright hardening of ferrous 
metals, if prevention of decar- 
burization is a necessary re- 
quirement 


Processes requiring high re- 
ducing properties, such as braz- 
ing, because this gas is relatively 
inert 


High flammability and high 
cost compared to fuel gases pre- 
vent broader use of this gas for 
general heat treating and braz- 
ing processes 


Broader use is prevented by 
higher cost of production com- 
pared to cost of gas No. 4 

Broader use prevented by 
higher cost of production com- 


pared to cost of gas No. 5 
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Fig. 3 


Alumina Driers (Dual Arrangement for 
Alternate Regeneration) for Production of “Bone 


Dry” Gas Dewpoint as Low as 70° F. Equip- 
/ {uly 


ment manufactured by Pittsburgh Lectrodryer Corp. 


Equipment E; for complete removal of 


moisture. A dual tower containing activated 
alumina absorbs moisture from the controlled 
atmosphere gas. The purpose of the dual 
arrangement is to provide continuous gas dry- 
ing; while one tower is being reactivated by 
removing the absorbed moisture, its partner is 
drying the gas prior to use. See Fig. 3 above. 

Equipment F; Ammonia Dissociator. An 
electrically heated catalyst chamber breaks 
down the anhydrous ammonia to thoroughly 
dissociated gases, 

Equipment G; for dissociating ammonia 
and burning the gas. The combustion chamber 
for burning hydrogen to water vapor and its 
auNiliaries are similar to those in Equipment A. 
In this case dissociated ammonia is burned 
instead of fuel gas. See Fig. 1, page 819. 

It will now be useful to list the equipment 
combinations necessary to produce the con- 
trolled atmospheres described in Table I. 

To produce Atmosphere No. 1, use Equip- 
ment A (or A and D) set for complete combus- 
tion of the fuel gas. 

To produce Atmosphere No. 2, use Equip- 
ment A (or A and D) set for partial combustion 
of the fuel gas. 

To produce No. 3, use Equipment B. 

To produce Atmosphere No. 4, use Equip- 
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ment A at gas-air ratio for complete c 
plus Equipments A, D, and E. 

To produce Atmosphere No. 5, u Equi 
ment A as above, plus Equipment C, and | 

To produce No. 6, use Equipment 

To produce Atmosphere No. 7, us) 
ments F, G, D and E, with burners set ‘or ex: 
plete combustion. 

To produce Atmosphere No. 8 use Eqy) 
ments F, G, D and E, with burners set for ines, 
plete combustion. 


Furnace Equipment to Be Used Si ith 
Controlled Atmosphere 


In general, all furnace equipment must | 
individually analyzed and designed for the pa 
ticular application of controlled  atmosp! 
required. Atmosphere furnaces are fabricat 
to be gas tight. Many schemes are used 
minimize the consumption of prepared atmos 
phere and to insure positive control of atmos 
phere flow or circulation inside the furns 
structure. When fuel fired furnaces are us 
radiant tubes or muffles are necessary to ke 
the products of combustion from mixing wi 
the prepared atmospheres. Electric furnaces 
the type using resistors may be used with 
muffles where other factors in the applicati 
permit it. 

Separately controlled atmospheres are iy 
being widely applied to a variety of popu! 
tvpes of modern furnace equipment such as 
pusher, roller hearth, box, bell type, belt con- 
veyor, and elevator furnaces. 

In general, before any application of sepa- 
rately controlled atmosphere equipment is made 
to existing furnace equipment, all factors should 
be carefully analyzed and the experience 
equipment manufacturers fully utilized. 

The general applications of different type 
of controlled atmospheres are summarized 
the central portion of the data sheet, page S! 
Such statements may be used as a general guic’ 
It is not within the scope of the present artic’ 
to define individual applications in a detaiice 
manner, 

Other tables in the data sheet and on pas 
817 give further information on application 
but are arranged with the purpose of identity: 
the use of the different atmospheres with sp 
cific classes of materials, These include inlor 
mation on applications of atmospheres Wl 
used in furnace brazing as well as in the norm: 
heat treatment processes. 


- 
] 
| 
| 
\ 
, 


of Production Man- 
() ent (predecessor of 
Wal inction Board) late in 
O41 | the Advisory Commit- 


letals and Minerals of 
Nat \cademy of Sciences to 
study of the secondary 
‘uation, and the draft 
ired by Ernest FE. 


Editor of Metal Progress. At the 
vers iset of the investigation 


possibility of putting 


to thee 
secondary copper into better use 

which is the broad problem of 
conservation and substitution 
t+ seemed desirable to get some 
dea as to the volume of metal 
nvolved, and its points of con- 
sumption. Only meager detailed 
statistics exist, and those are 
rather puzzling to interpret. For 
this reason and, more important, due to the fact 
that normal channels of trade are entirely dis- 
rupted, the available figures take on qualitative 
significance only. 

Refinery Secondary Metal— The United 

States Bureau of Mines has published, year 


nbustion Equipment Developed by Westing- 
Dissociating Ammonia and Partially Burning 


Hydrogen content can be regulated from 75% 


(uiput can be as low as 5% of rated capacity 


Secondary Copper— 


Sources, Amount, 


Treatment 


after vear, figures concerning the sources of all 
our copper, whether mine production, secondary 
metal, or imported metal. Likewise the Ameri- 
can Bureau of Metal Statistics (a private organ- 
ization) has assembled figures on the consump- 
tion of unalloved copper year by year. For 
instance, in 1959 we find in the Bureau of Mines 
figures, in net tons: 
Refinery production from 
domestic ores 
Refinery production from 
foreign metal 
Refinery production from 
secondary metal 116,600 
Imports of refined copper 16,300 
Withdrawn from warehouse stocks 85,500 


704,900 


304,600 


Total apparent supply ol 
new copper 
Less exports of refined copper 


1.227.900 (a) 
396 400 


Apparent domestic uses 831.500 
Check: American Bureau of 
Metal Statisties 


The check in the last two lines is almost 


exact when the period 1935 to 1910) incl. is 
summarized (see Table I, page 820). 

The last column in Table I includes copper 
derived from two sources: (a) Virgin copper 
from ore, domestic and imported, and (b) metal 
recovered from unalloyved “demolition metal”, 
recovered and re-marketed as unalloyved copper 
either by copper refineries or by secondary ingot 
remelters, 

No information concerning the source of 


(a) Total rated capacity of electrolytic refineries 


is 1,572,000 tons of copper cathodes per year. 
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lable I — Source of Copper Available to U. S. Industry (Net Tons) 
changes in plant invent: es 


Ficgunes by Bureau or MINES 
AMERICAN 
NI W Copp! Tora; Bureau or Refinery Secondary letal 
FROM VIRGIN DELIVERIES STATISTICS 
SECONDARY CopPer FOR (CONSUMPTION ) Before proceeding, vay 
METAL CONSUMPTION desirable to say somethi: 
1935 148,500 141,300 589,800 574,700 the treatment of this efine 
1936 132,900 656,200 789,100 749,000 secondary” metal. It rea hes 
1937 156,600 694,900 851,500 860,000 
1938 92,500 107,000 199,500 608,000 copper consuming tidust 
1939 116,600 714,900 831,500 801,000 through the eight electrolytic 
1940 117,600 (a) 1,008,800 1,126,400 1,070,000 two furnace refineries jp 
Totals | 764,700 3,923,100 4,687,800 4,662,700 United States. The principal bus 
\ ness of these refineries is to ma! 
(a) It is anticipated that this figure will be considerably marketable copper from mpu 
smaller for 1941. i 
metal derived from the smeltiny 
of oxide and sulphide ores. A 
the secondary metal received by the refineries, such refined metal, irrespective of sow 
as reported by the Bureau of Mines in Column 2 reaches the market as metal of high purity, | 
of Table I, is available except by extending some alloyed nor containing more than very sme 
data given for the first time in the 1939 Bureau fractions of 1‘¢ of adventitious elements. Thu 
of Mines report. It would seem that about one “refinery secondary” metal is indistinguishal) 
third of the metal is “new scrap” or “plant from refined metal from ore. 
scrap” (that is, clippings, defectives and other Since 1935 this “refinery secondary” has 
plant scrap returned from the wire, plate and been constantly decreasing in amount, and cu 
bar mills handling unalloyed copper) and two rently is at an unusually low rate due to the 
thirds is “old scrap” or “demolition metal” large consumption by remelters of compositi 
(trolley wire and bare conductivity wire plus ingot. Much of it has come from what is know 


other alloyed copper articles 
withdrawn from use because 
worn out or obsolete). Under 
these circumstances, about 50,000 
tons of copper a year (300,000 
tons for the six-year period) 
should be deducted from the 
available copper for use, for it 
is merely a recirculating load of 
metal in process. Even when 
300,000 tons of copper is 
deducted from Columns 2 and 4 
the check with the last column 
(total consumed by American 
industry) probably is as good as 


Drosses, Very Impure Alloy Scrap, 
Brasses, and lron-Contaminated Cop- 
per Are Added to the Charge Going 
to Smelting Furnaces. The copper 
is collected in the sulphide matte 
and most of the other elements are 
slagged or fumed off. Matte is bes- 
semerized (in the vessel shown at 
right in process of being charged) 
to “blister” copper, then cast into 


anodes for electrolytic refining. 
(Wide World) 
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‘) ie as “No. 1 copper scrap”, a grade 

ily pure enough to be charged with 
es from the electrolytic refining tanks 
inal furnace-refining operation and 
cast into slabs, bars or billets for roll- 
n se. As will be argued at length later, 


ved that this is not the best use for 


nuch this high grade demolition metal. <A 
hoodred tons annually of small ingots 


ytended for foundry use is also made from this 
metal by the refineries. 

Another major class of scrap reaching the 
refinery is “No. 2 copper” high in lead that is 
ast into anodes and sent through the elec- 
trolytic refining tanks. 


Conversion Contracts 


Likewise, in the past, a certain amount of 
refined metal has originated in smelters which 
have received consignments of drosses,* mattes, 
speisses, impure and highly alloved metal, and 
copper too high in iron for non-ferrous alloying. 
Ihese metals were received from foundries, 
scrap Wholesalers, and secondary remelters who 
ire unable to convert it by simpler means into 
salable alloy; very frequently the smelters 
accept such matte and impure metal on a toll 
basis, or by “conversion contracts”, whereby the 
vendor receives an equivalent amount of mar- 
ketable metal in return. Such conversion con- 
tracts are now prohibited by the Priorities Board 
as a means to bring this refined metal under 
control; impure metal may be sold outright to 
the smelter, but the result is that little or none 
of itis now being so transferred. 

As will be seen in what follows, the “refinery 
secondary” metal amounts to about one quarter 


*The normal foundry loss on remelting composi- 
tion ingot is 4% to dross. 


of the entire recoveries of secondary metal; 
from what has already been said it will be 
appreciated that its use and ultimate destina- 
tion cannot be distinguished from refined metal 
from newly mined ore. Future trends, as will 
be shown, will probably be a considerable reduc- 
tion in refinery receipts of “No. 1 metal” which 
need only be furnace refined, but a very con- 
siderable increase in receipts of low grade metal 
which must go through the smelting and elec- 
trolytic process, 

Two problems, therefore, seem to be in 
need of some detailed study: First, whether the 
refineries, both furnace refineries and electro- 
lytic refineries, will have suflicient capacity to 
produce pure copper from expanding mine pro- 
duction and yet absorb more secondary metal 
which may be expected to appear, and second, 
the problem of “conversion contracts” 


namely, how to restart an increasing flow of 
impure metal back to the smelters for separa- 


tion into its components and their conversion 
into useful form. 


Secondary Copper Re-Used by Brass Mills 
and Non-Ferrous Foundries 


Statistics so far quoted apply only to copper 
from ore, from plant scrap and from high grade 
demolition metal that reappears as unalloyed 
copper. A very large additional amount of 
metal from plant scrap and from demolition 
scrap is re-used as alloy, after first being segre- 
gated and remelted by non-ferrous ingot metal 
producers (the “remelters”) and by the brass 
and bronze manufacturers and the non-ferrous 
foundry industry. For statistics on this phase 
of the metallurgical industry we turn to the 
Bureau of Mines, and find figures from which 


the last column in the (Continued on page 872) 


Table Il — Distribution of Secondary Copper by Points of Re-Emergence and Nature (New or Old) 


Points oF Re-EMERGENCE NATURE OF SounCE 
TOTAL 
YEAR Correa IN CopPER IN Copper RECOVERED SECONDARY From From 
REE INERY ALLOY IN MILLS AND CopPer New ScRAP OLD SCRAP Op SCRAP 
SECONDARY INGor (a) FOUNDRIES 
1935 148.500 75.400 225.000 448,900 87,200 361,700 Sl 
193% 132,900 94,200 257,500 484,600 101,900 382,700 79 
193 156,600 106,800 268,700 532,100 123,200 405,900 aq 
193: 92,500 55,000 212,300 359,800 92,500 267,300 74 
193 116.600 85.500 297,600 499,700 212,800 286,900 57 
194 117,600 112.000 302.400 532,000 198,200 333,800 63 
Tot: 764,700 528,900 1,563,500 2,857,100 815,800 2,041,300 


June, 1942 


mnage of alloy ingot reported to Non-Ferrous Ingot Metal Institute increased by 


20%. 


Page 821 


5 g 
to 
t! 
t| 
| 
ng 
| : 
| iid 
1] 
| 
| 4 
1] 
| 
| 
| 
| 
\ 
| 
; 
q 
q 
= 
ae 
| 
. = | 
| 


Determination of 


Reealescent Points 


in Steels 


* THE COURSE of developing standard 
methods for testing many of the metallurgical 
characteristics of steels, the Steel Standardiza- 
lion Group (described in “Critical Points” for 
November 19141) turned its attention to the 
determination of critical points. Critical point 
values are given in the literature for a wide 
variety of steels and have been determined by 
many different methods but an examination of 
these data reveals that in nearly all cases either 
no attention was paid to the rate of temperature 
change during the test or the investigator 
merely identified the rate as “fast” or “slow”. 
Since this one factor of rate of temperature 
change is more important than any of the other 
variables entering into the accurate determina- 
tion of transformation points, it was felt that 
any precise method must be based upon rigid 
control of this all-important factor. 
Fundamentally, the following methods are 
available: 
1. Thermal 
(a) Inverse rate 
(b) Differential 
2. Dilatometric 
3. Metallographic (by a quenching series) 
(a) Hardness of quenched pieces 
Electrical 
(a) Electromotive force 
(b) Resistance 
(c) Magnetic 


By Steel Standardiza oy (,,, 
Bethlehem Steel 
Carnegie-Illinois Ste. Cor, 
( thrysler Cor 
Great Lakes Steel rp. 
Pittsburgh Crucible Co 
Republic Steel C. 
The Timken Roller Bec >in 
Steel & Tube Division 


Of these methods 
first two thermal and d 
tometric — are more eas 
applied commercially, w! 
the last two— meta! 
graphic and electrical — ap 
probably the more accuras 
research methods. Of 
commercial methods, 
dilatometric method is pro! 
ably the easier to run a) 
vields the most informati 
This method is, therefore, | 
approved one for determ 
ing critical points. 
The A, and A, critical points of steel 
reversible changes of state and hence sho 
occur at specific temperatures under equilibri 
conditions. It is realized that the eutect 
transformation in commercial steels is not 
invariant reaction, but if only the beginning 
the change on heating and the ending on coo! 
is considered, the above statement is substa 
tially correct. The well-known hysteresis eff 
however, causes divergence in the points w! 
observed at appreciable rates of heating an 
cooling, and this divergence increases wil 
increase in rate of temperature change. ! 
counteract this hysteresis effect as much as po» 
sible, the Ac points should be chosen at ty 
lowest temperature and the Ar points al 
highest temperature on the dilatometer recor 
at which detectable change can be discerned 

The following is the method adopted: 

Sample — The sample shall be a cylind 
taken in such a way that its exact chemistr) 
known, and either encompasses the entire cros> 
section of the ingot or is taken from the mic 
radius location of the bar or billet. 

Heating — The sample must be heated 
formly over its entire length. (“Uniform 
means to a maximum temperature vari) lio! 
10°F.) The rate of temperature change ‘us! 
rigidly and automatically controlled | 
that results may be reproducible and lh ve 
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change. For ordinary heat treating, the Ac, 
point at a rapid rate of heating is desired; for 
spheroidizing annealing, practically the equi- 
librium A, point is required; for handling large 
sections, particularly of sluggish analyses, the 
Ar points at slow rates of cooling are very neces- 


eal 
all iding period at that temperature 
Tes \r points, making it necessary also to 
tre se variables. 
/ ycle — The following test cycle is 
econ ided: 
H io 100° F. below the approximate 
siti f Ac). 
H at this temperature 30 min., to 
ittain proximate equilibrium conditions. 
Heat at the chosen rate through Ac, and 
1up - above. 
Healt rapidly to a temperature 150° F. 
wbove the observed Acs. 
Cool rapidly to the observed Ac, point 
plus 20° F. 


Cool at the chosen rate to Ar,—20" F. 
lwo typical dilation vs. temperature 
irves run by this test eyvele at the rapid 
rate of temperature change (100° F, per 
ir.) are shown in Fig. 1. One is for an 
\ 023 carbon-molybdenum steel and the 
ther is for an A 4068 steel. 
Interpretation of Results —In 


ises it is necessary to know the critical 


many 


Change in Length 


C 023% 
Mn 081 
P 0020 
002) 
Si 024 
Mo 020 


087Mi) 


075 Mis 


8 


10; 


Ar, i 1410°F | 
Heat 95521, Heating 
4 ang 10. Rate 


16207, Heating and 


Cooling Rate:400 1235 % 400 °F /HP, 
points at different rates of temperature SPECITEN LENGIN: 4° 
1000 1200 1400 100 200 1400 15600 
- Temperature, °F 
| | Fig. 1 Dilation Vs. Temperature Curves for Two 
A Carbon-Molybdenum Steels, Using the Standard 
1G 0 Ae; Test Cycle and Temperature Change of 400° per Hr. 
s AR T aAr; 
x Ar, Ars x Ars 
0014 sary information. The determination of critical 
tA { points at rigidly controlled rates of temperature 
ir rr ~~ z change of 400, 100 and 10° F. per hr. is recom- 
- Ar . mended when complete information is desired. 
Che critical point values obtained at various 
a rates are best presented by plotting the loga- 
| rithm of the rate of temperature change in °F. 
B ° per hr. versus the temperature of the trans- 
formation, and drawing the best straight line 
‘ through the plotted values. Typical examples 
~<a of this method of presentation for the same 
2 | steels as shown in Fig. 1 are shown in Fig. 2. 
From such plots, the critical points at any 
desired rate of temperature change may be read 
sal = ——— f directly. The point of intersection of the lines 
06 | for the same transformation (for example, the 
sel t+} Heat 16207 | Heat 95521 + Ac, and Ar,) is a very good approximation of 
+++- Stae/ A 4023 — Stee! A 4068 
23 | +} the equilibrium transformation temperature. It 
1505 Ae, 1805 Fig. 2 Semi-Logarithmic Charts Showing Critical 
07 | | Points of A 4023 and A 4068 Steels as Determined 
2 300 1400 S00 18001200 1300 at Different Rates of Temperature Change, and 


Transformation Temperature, 


Extrapolation for Approximate Equilibrium 
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C 069% 
P 0030 
| Si O24 
| Mo 024 
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uenched from 1295-1305° F. 


is true that such curves should theoretically 
approach each other asymptotically at = zero 
rates, but, if the straight lines intersect at or 
below 1° F. per hr., the straight line assumption 
is deemed sufliciently accurate. 

As examples of this standard method of 
determining critical points and presentation of 
results, determinations were run at several dif- 
ferent rates ranging from 400 to 1 F. per hr. on 
the two steels whose compositions are given in 
Fig. 1. 
were plotted on semi-log coordinates and are 
shown in Fig. 2 at left and right, respectively. 
Inspection of the results indicates that in the 
case of the low carbon heat, the maximum devia- 


The resulting critical points at each rate 


tion of any point from the best straight line is 
8° F. while high carbon heat has a maximum 
deviation of 12° F. In both cases the effect of 
rate of temperature change on the positions of 
the critical points can be clearly seen, Extrap- 
olation of the best straight lines to intersection 
produced approximate equilibrium A, and Az, 
values of 1305° F. and 1510° F., respectively, for 
the low carbon heat and 1305" F. and 1360° F., 
respectively, for the high carbon heat. All inter- 


sections occurred at rates of 0.2° F. per hr. or 


Fig. 3 to 6 


Temperatures Noted; Drawn at 700° F.to Darken Martensite. 


less, thus checking the validity of Work 
As a further check on the accuracy of thes, 
results and the consequent extrapo: tion 


mark the Ae, values, small samples © ere 


Cu 
from the bars from each heat, held hr. at 
various temperatures ranging from (280 4 
135° F. and water quenched. These specimens 
were then sectioned longitudinally an! exay. 
ined microscopically. Figures 3 to 6 show ty 


structures obtained immediately below apy 
above the Ae, temperatures predicted for eae 
(Temperatures are 


heat from Fig. 2. iven it 


‘ 


ranges of 10° F., since the furnace was controlled 


within these limits.) All specimens were tem. 


pered at 700° F. to darken the martensite fo 
easy observation. 

It can be seen that an entirely satisfactor | 
agreement was obtained between the Ae, tem- 
peratures predicted and the values observed 
from the quenching experiments. Heat 16207 
(Steel A 4023) showed no traces of solution afte: 

60 hr. at 1295-1305° F. 
solution at 1305-1315" F. 
95521 (Steel A 4068) 
spheroidized at 1295-1305° F. but was substan- 
tially transformed after 60 hr. at 1315-1325 F.g 


and clear evidence of 
The high carbon heat 
also 


was completely 


Micrographs at 1000 X; Samples Water Quenched After 60 Hr. at 


Both steels had Ae, 


at 1305° F., as determined by dilatometer; both are spheroidized at temperatures just 


below 1305° F.., 
Heat 16207; Steel A 4023 


= j ~ _®, 


Quenched from 1295-1305" F. 


and both have carbides dissolved at temperatures just above 1305° F. 


Heat 95521; Steel A 4068 


Quenched from 1295-1305° F. Quench 
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When certain precautions are observed, light steel 


sheet scrap (30 gauge and up) can be successfully 


used in cupola charges for making gray iron. 

Black sheet is the best variety to use. The use of 
tinned, galvanized or stainless steel scrap sheet 
should be avoided. 

When possible the scrap should be briquetted, or 
baled, before charging. Bundles should be smaller 


? 
oe 
‘te 
4, 
att 
“a 


Information Supplied by “Metal Progress” 


than those used in the open hearth, to prevent hang- 
ing in the cupola. The density of the bundles is im- 
portant. Density can be controlled by varying the 
pressure exerted by the hydraulic press. In some 
cases a minimum density of 30% is specified. 

When briquetting is not practicable for any reason 
it is possible to melt some light sheet in the charge 
by using a soft blast. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS, 


MOLYRDIC OXIDE—BRIQUETTED OR CANNED 


FERROMOLYBDENUM “CALCIUM MOLYBDATI” 
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Person d | Lieut. John A. Bailey @, as- R. S. Pratt 6, lurgist 
als sistant mechanical engineer, Bridgeport Brass Ce. 
Frankford Arsenal, Philadelphia, ferred from Bridgepor' 
is now on active duty in the Of- the Indianapolis Ordna:-¢ pros. 


William P. Woodside, past fice of the Chief of Ordnance, ect of Bridgeport Bras 
president and founder member War Department, Washington. 


George E. D € 
©. vice-president, Climax Molyb- albey previ. 


ously metallurgist with Abbot 4 


denum Co., Detroit, has resigned Louis A. Carapella @ has 

aus president of the American been made head of the Metallog- Hanks, Inc., San Francisco, jg 
Twist Drill Co. and has become raphy Section in the Division of "°W '™ Charge of metallurgical 
chairman of the board. He is Physical Metallurgy at the Naval operations in the foundry at the 
succeeded as president by Wil- Research Laboratory, Washing- Navy Yard, Mare Island, Calif, 
liam F. Murray. ton, D.C. Eugene G. Grace, president, 


Bethlehem Steel Co., has beep 
presented the 1941 Bessemer Gold 
Medal by the British Iron & Stee 
Institute. 


Charles R. Wade @ has left 
the employ of the Halcomb Stee! 
Division to become the metallur- 
gist of the Sunbeam Electric Mfg 
Co. in Evansville, Ind. 


M. B. Leidy @ is now Phila- 
delphia district sales manager for 
Latrobe Electric Steel Co. 


John J. Fitzgibbon ©, former!) 
foundry engineer for the White- 
head Metal Products Co., New 
York, is now metallurgist for R 
Hoe & Co., Dunellen, N. J. 


Promoted by Lindberg Engi- 
neering Co.: Robert C. Onan §, 
from advertising manager to dis- 
trict sales manager for the North- 
ern Illinois, Iowa, Wisconsin and 


Minnesota territory. 


William G. Hassel &, forme: 
manager of the Pittsburgh Cruc:- 
ble offices of Crucible Stee! Co 
e America, has been made manage! 
of the Detroit office on the mer: 

} 


ing of the Pittsburgh with th 
Detroit and Cleveland offices 


“SUPER: KOC 


America’s First Transparent 
Sulphurized Cutting Oil 


the production of brass and aluminum fuses the re- 
duction of “down time” to the least possible degree is all - 
ager of the Cleveland offic 


important! 

Cutting operations on multi-spindle automatics, such as 
reaming, eccentric drilling, tapping and threading, respond 
to the application of Stuarts ‘“Super-Kool’’ No. 151 Brass 
Cutting Oil, or Stuarts “Super-Kool” No. 1M Aluminum Cutting 
Oil frequently with a surprising improvement in tool life and 


finish. 


N. H. Brodell @ has been 
pointed metallurgical sales 
neer for Copperweld Steel | 


Glassport, 


Harold P. Blum @ hes be 
appointed by Metal & ‘her! 
Corp. as its Cleveland territo! 
representative, and will 
to represent Una Weld 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. ° LIMITED © — Get. 1665 
Warehouses in All Principal Metal Working Centers 
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‘Tux war has brought many changes to the Bell 
System. The nation needed telephone facilities 
in new places. It needed more facilities in the 
usual places. It needed all facilities in a hurry. 

Shortages of essential materials brought new 
problems and new achievements in research 
and in manufacturing. Telephone calls in- 
creased about ten million a day. 

Yet all this has been done without great 
change in your telephone service. Millions of 


subscribers have felt no difference. The record 


A Message of Confidence 


as a whole has been good. That is the way it 
should be and the Bell System aims to keep 
it that way. 

But when war needs delay your call. when 
you can't get just the service or equipment you 
need, let's put the blame right where it belongs 


on the war. 


a 
BELL TELEPHONE SYSTEM ‘Ba 


SERVICE TO THE NATION IN PEACE AND WAR 
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Personals 


Walter R. Giese @ is now 
working for the Buick Aviation 
Engine Plant in Melrose Park, 


Ill. as a spectrographer. 


Walter J. Thomas ©, form- 
erly with Steel 
Corp., Ltd., is now welding engi- 
neer for the Western Pipe & Steel 


Co. of Los Angeles. 


Consolidated 


S. A. Oviatt @, formerly engi- 
neer with Lamson & Sessions Co., 
Cleveland, is now a first lieuten- 
ant in the Army Air Corps, as- 
signed to the Industrial Planning 
Section, Wright Field, Dayton, O. 


Otto T. Pfefferkorn &, form- 
erly research metallurgist, Cli- 
max Molybdenum Co., Detroit, is 
now metallurgist in the aircraft 
division of Hudson Motor Car 
Co., Detroit. 


Furnaces 


Belt Type Hardening Furnace. 
Capacity 2,000 Ibs. Per Hour. 


Larger plant facilities and increased engineering and production personnel are 
putting more and more CIRC-AIR Furnaces to work in heat treating departments 


of war plants. 


These furnaces are available in a wide range of sizes to meet varied production 
requirements from 200 to 20,000 pounds per hour, at temperatures ranging 


from 250 to 1250 degrees F. 


CIRC-AIRS are used for drawing, bluing, soldering, steel and welded parts — 
Stress Relieving: Aluminum — for hardening, normalizing, drawing, billet 
heating for extrusion and forging: Brass — for annealing, coloring, sweating and 


soldering. 


Write For Bulletins 


3 ~ 
CIRC-AIR 
WEAT TREATING 
EQUIPMENT 


INDUSTRIAL HEATING EQUIPMENT CO. 


3570 FREMONT PLACE 


e DETROIT, MICHIGAN 
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J. Hugh Braun € 
inspector, Caterpillar 
is now working at th 


r 
4 
ation Engine Plant in  hje: 
a special assignment 


John M. Dobovan € | fory 
assistant to chief meto!lurgig 
Browning Machine Gu» 
AC Spark Plug, Flint, Mie 
now second lieutenant jp 
Ordnance Department, 
to the Small Arms Division 
troit Ordnance District 


Carl O. Sundberg, Jr. 6 
resigned as assistant for 
with the American Steel & \\ 
Co., Joliet, Ill, to accept a 
tion as an engineer with the \\ 
Department, St. Louis Ordos 
District Office. 


E. M. Thalheimer © is 
employed at the U. S. Rub! 
Plant in Des Moines, lowa 
assistant chief metallurgist t 


Oscar E. Swenson @ is 
search metallurgist in the 
trode Department at the 
Metal & Thermit Corp. laly 
tory in Woodbridge, N. J. 


Clifford Wiggins, previous 
chief metallurgist, Northwest 
Steel & Wire Co., Sterling, ! ( 
member of the executive comm! ’ 
tee of the Rockford Chapter § 
is going to Warren, Ohio as sj 
cial metallurgist for Federal! 
chine and Welder Co. 


John J. Munro @, forme! 
contact metallurgical represen! . 
tive, Carnegie-Illinois Steel 
is now with Goodyear Tire 4 : 
Rubber Co., Jackson, Mich 
metallurgist. 


Promoted: A. H. Pepper, | 
chairman, Montreal Chapter 
manager 


sales, Dominion Steel and y 


Corp., Ltd., Montreal. 


to assistant 


George A. Uhlimeyer @ 
been appointed supery:sins 
dustrial engineer for lows! 
Electric 
industrial pow" 


nois Gas and 
charge of all 
and gas sales for mem er 
panies in ten cities. 
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SIDE our office windows some gay 


; ids are marching back and forth 
®. tune of “Keep ‘em Flying, Uncle 

1 phonograph in our office. 
ti: pass beneath two American Flags 


tily lift their hats. They are 
\lloys employees on strike. They 

en given a substantial increase 

to January First. They are 

the International Molders’ 

ndry Workers’ Union, A.F.L. 
inder a regional wage agree- 
January Ist, 1943. We have 

{ Shop. They walked out without 
} In two days of crap-shooting be- 
state Board of Arbitration they 
t stated why they walked out. The 
text was a coremaker without a 
nan open shop. They have been 
juested by the Gov't. to return 
Bers. Madame Perkins has just certi 
Dispute” to the War Labor 
President Green of the A.F.L. 

{ did not authorize it, sanction it 
BPprove it. lt is contrary to the no 
icv of the American Federation 
Babor. Union spokesmen say “Green's 
bo control over us”. They called it a 
WALKOUT” and their pick- 
VICTORY DEMONSTRA- 


y\’. They had been seriously retard- 
prod iction of War Orders, inter- 
ee with the training of men, producing 
scra nd sub-normal produc- 
rt ases of sabotage have 
rtifed to the Army and the F.B.I. 
r-Corps Officer said ;— 
y; company will prob- 
Teamng and be serewed-up in 
roducti fort——you had better 
‘it’. We hope he is 
Pes intention of relaxing, 
ns are imposed on us 

NOTE 


PRIMANDS OR REWARDS THIS VICTORY DETERRENT 


QYS THE QUALITY NAMES IN ALLOY 


They de oot 


Thee Witham Green 


which tend in any way to limit our pro 
duction of War Materials we will go on 
record in a big way. 


MEANWHILE, as these UNION 
ABOVE THE FLAG PATRIOTS are 
parading (few having any idea why they 
are out), LOYAL, FEARLESS, AMER- 
ICANS, STILL AT WORK ARE SET- 
TING NEW PRODUCTION REC 
ORDS, KNOCKING FROM ONE- 
THIRD TO ONE-HALF THE MOLD 
ING TIME OFF PREVIOUS REC 
ORDS AND GETTING OUT TWO 
THIRDS THE NORMAL NUMBER 
OF HEATS. THEIR HEADS ARE 
HIGH AND THEIR HEARTS ARE 
CLEAN AS THEY DO THEIR PART 
FOR VICTORY,—GOD BLESS ‘EM! 
More workers are returning to work each 
shift. What small production is lost will 
be quickly made up. When you read this 
we'll be going full blast, strike or no 
strike. A bit of “comedy relief” is the 
fact that the War Production Board's 
recent limitation on nickel has required 
revamping of our entire production sched 
ule, design and pattern changes in many 
items, and this has coincided exactly with 
our “Victory Walkout”. If our non 
producing Patriots decide to return en- 
masse tomorrow we couldn't put them all 
to work until we could line up patterns 
for the new schedules. They seem to be 
drifting back to work on their individual 
consciences at about the right rate. As a 
labor-leader who jumped us for a loss 
once remarked—“You guys rape kinda 
hard”. Unless politics holds us for labor, 
we still do! Seriously, THIS STRIKE 


TO PREVENT TRAINING OF MEN 
IN WAR TIME IS A DAMNED DIS 
GRACE TO LABOR’S LEADERSHIP, 
AND TO THIS NATION. Congress, 
do your stuff, election is coming! Any 
argument we've heard in favor of War 
Production Strikes would gag a maggot. 
Called “Seabs” by strikers, our Loyal 
Workers coined a pet-name for War 
Strikers —‘HEMORRHOIDS"”, ponder 


on that one. 


Tue National nickel shortage did not 
catch us metallurgically unprepared. We 
will turn out the best ““Ersatzalloys” pos 
sible under the name “IV AR-Q” where a 
substitute for Q-ALLOYS is unavoidable, 
and under the name WAR-X where X-ITE 
is clearly indicated metallurgically, but 
disallowed in nickel rationing. It should 
be CLEARLY OBVIOUS, that the only 
POSSIBLE SAFEGUARD for maximum 
service from alloys diluted with excess 
iron, is THAT THE VERY BEST EN 
GINEERING, METALLURGY AND 
FOUNDRY PRACTICE BE EM- 
PLOYED IN MAKING THEM. 
Hicu nickel-chrome content has been a 
life-saver for lots of the run-of-the-steel 
foundry alloys of the past, and a lot of 
engineered -down-to-a-good - job-for-the 
foundry alloy casting designs. We are 
expecting about a 500°) increase in fail- 
ures and field service. Available engineer 
ing talent is the bottleneck. In this respect 
General Alloys Company is quite possibly 
best fitted to serve you if past perform 
ance is a criterion. 100° increase in our 
molding floor-space will be completed in 
June. 


WIRE RECEIVED “STRIKE ENDED BY WAR LABOR BOARD—NOW WE'LL SEE 


H. H. HARRIS.” 


HEAT CORROSION 


om OUR FLAG IS A UNION 5 
Te the Tene of “DEEP UN THE HEART OF TEN AS” Lets Beem 
«HORE S 
They sould WORK The wal 4 «= NOT To 
er ore eho, — are waiting ‘ 
vo" » » fot ‘ | 
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Personals 


Bernard Collitt ©, metallur- 
gist for Jenkins Bros., Ltd., Mon- 
treal, has been elected a director 
of the company. 


C. R. Foreman @, formerly 
with Saginaw Steering Gear Di- 
vision, Saginaw, Mich., is now in 
the metallurgical department, 
Olds Motor Works, Lansing. 


Richard G. Byrne @ of the 
advertising and promotion de- 
partment of MeraL ProGress, has 
enlisted for training as an ensign 
in the U.S. Navy. 


Phillip W. Carbaugh, vice- 
chairman, Rockford Chapter ©, 
formerly assistant metallurgist, 
Mechanics Universal Joint Co., 
has left to become chief metal- 
lurgist of the Oliver Farm Equip- 
ment Co. at Charles City, lowa. 


-because... 


It increased production 25% 


It increased tool life 33% 


It saved $20.04 per ton of steel used 


It swaged without fracture 


Ductility 
Plus 
Machinability 
(230 SFPM) 


In this all-out" war effort Monarch Steel is co-operating 100%. 
We're helping to “keep ‘em rolling’ with Speed Case Steel. 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND 


INDIANAPOLIS 


CHICAGO. 


PECKOVER'S LTD., Toronto, Canadian Distributor 


CARBON AND ALLOY STEEL BARS 


MANUFACTURERS OF COLD FINISHED 
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Promoted: W. 8 
from assistant distri lanager 
to district manager o legh. 
Ludlum Steel Corp.’s ‘level, 
office. 


Appointed on adyi ory 
mittees to serve as lias oy 
between the Office of Vrice 
ministration and the (ndust,; 
represented: A. C. Roeth @, [p. 
land Steel Co., to the Gene 
Steel Products Advisory Com; 
tee; R. M. Allen Ss. \lleghe: 
Ludlum Steel Corp., Norman | 
Deuble @&, Copperweld Ste, 
Corp., F. L. Gibbons ©, Carney 
Illinois Steel Corp., and Martip 
H. Schmid ©, Republic 
Corp., to the committee on Ar 
ment Steels and Alloys: Johp 
Graham ©, American Stee! ¢ 
Wire Co., and Ford Schusler 
Keystone Steel & Wire Co., t 
Wire Products Advisory ( 
mittee. 


Appointed on advisory \ 
mittees to the Division of Indus 
try Operations, War Produc! 
Board: George Avril @ of G 
Avril Smelting Works, on 
committee representing Brass 
Bronze Ingot Makers Industry 
P. Jefferis @ of Janney Cylin 
Co. to the Brass and Bro: 
Foundries Industry; Frederick 
Hughes of New Departure D 
sion, General Motors Corp., pa 
president @, to the Anti-Fric! 
Bearing Industry. 


J. L. Auer @, general wor: 
manager, R. Hoe & Co., Inc. ! 
been elected vice-president. 


H. Lyon Day @, former’) 
chief metallurgist at Ingers 
Rand Co., Phillipsburg, 
now consulting metallurgist ‘0! 
Auto Specialties Mfg. Co. » 
Joseph, Mich. and for Lehis 
Foundries, Easton, Pa. 


Morton S. Umanoff 
erly senior engineeri! dratts 
man at Picatinny Arsenal, Dov 
N. J., is now assistant mechant 


engineer at the Signal Corps Ll 
oratories, Fort Monmouth, Reé 


Bank, N. J. 
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Tungsten, Molybdenum, Boron—Boron, Molybdenum, 
Tungsten interest concentrates now on one alloying 
element, now on another, as of crucial importance 
for the war. Very marked attention is at present 
given to Boron, because of new knowledge that has 
recently been brought to light. 


Minute additions of this relatively abundant ele- 
ment, to steels and irons, yield properties otherwise 
obtained only by use of scarcer imported materials. 
One specific advantage in many cases is deep 


penetration of hardening effects, accompanied by 
an increase of yield and ultimate strength. 

Researches on Boron have been conducted for 
re tir by the Molybdenum Corporation of 
America and more recently verified under a fellow- 


ship at a leading university. A patent for the effective 
incorporation of Boron in irons and steels has been 
secured and its results will be made available to any 
American manufacturer. Inquiries are welcomed. 


AMERICAN Production, American Distribution, 
American Control— Completely Integrated. 
Offices: Pittsburgh, New York, Chicago, Detroit, 

Los Angeles, San Francisco, Seattle. 
Sales Representatives: Edgar L. Fink, Detroit; H.C. 
Donaldson & Co., Los Angeles, San Francisco, Seattle. 


MOLYBDENUM 


CORF SRATION OF AMERICA, Grant Building, Pittsburgh, Pa. 
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R-S Furnaces of the latest and improved 
designs are heat-treating metal parts 
of ships, tanks, guns, aircraft and other 
implements of war with unfailing uni- 
formity. The hum of production is 


increasing to a full-throated roar. 


Benefit by our long experience and ex- 


Write, ‘phone or wire for detailed 


information. 


R-S PRODUCTS 


CORPORATION 
110 Berkley Street 
Philadelphia, Pa. 


BUY BONDS 
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tensive facilities for prompt action. a 


The effect is known as “earing” and th tub 


EF; B C * ances are called “ears”. Other terms Juent 
ars on rass ups heard are “tips”, “scallops” and “corne °, ) 
recognized that the effect is most co: op) 
result of a directional crystal structure >rodyo, 
pom of any of the metals used for deep draw- by rolling and annealing operations in | ¢ my, 
ing operations oceasionally yields cups that are facture of the metal strip. 
defective because of a rim that varies in height This matter has been under inves ition | 
around the cup in a wave-like manner. When the American Brass Co. for several years, ood yw 
protuberances formed (usually four in number on it is obviously impossible to present all (he det. 
brass and other copper alloys) are symmetrically the statements made in this paper have been ayy 
disposed with respect to the rolling direction of the substantiated either by laboratory tests act 
strip, they are invariably attributable to the metal. drawing of metal in the brass mill. 


The tools used in the dray 
process, or the type and 


pleteness of lubrication, hy 


nothing to do with the prob, 
of ears, although they do 

course, greatly affect the “dd 
ing quality” of the strip and | 
general appearance of the « 
A single tip may be drawn 
on the rim of a cup beeaus: 
misalignment of the tools 

because the gage of metal va 
from side to side of the s! 
The two-ear form that someti: 
appears is also traceable to ¢ 
variations. However, the | 

ear and six-ear symmett 

forms are caused by fae! 

inherent in the structure of 

metal itself. 

It is now common knowl 
that deformation of metals | 
place by slip in certain defi 
directions on certain deli 
planes in the crystalline m 
grains. In normal polyerys! 
line brass the individual em 
talline grains are oriented 
random, so that approximat 
equal numbers of planes of | 
slip are available for deforma! 
in any direction. In cupping ‘| 
material, the blank wil! draw 
uniformly all around its circu! 
ference and no ears will app 
However, if for any reason 
crystal orientations of 
individual grains of a Ss! 
become aligned, the simp & 


*From “Effect of Some ™ 
Variables on the Earing of Brass 
Deep Drawing” by Earl \. P@ 
and Cyril Stanley Smith, Tech 
Publication No, 1444, Amer 
Institute of Mining and ‘ete! 
gical Engineers. 
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vhole ehave more or less 
| e erystal, and its 
' characteristics will 
ary with direction. 
In 2 ig operation such 
tel | produce ears of a 
depends upon the 
f the grain alignment. 
Une uni-directional defor- 
as in normal rolling 
ractice he individual grains 
ealed material are not 
aly progressively fragmented, 
but th crystalline fragments are 
wtually rotated by the process, 
that all tend to align them- 
selves in definite relation to the 
direction of rolling. (Such erys- 
tallographie action has been 
proved for numerous single phase 
metals, both by microscopic 
evamination and by X-ray erystal 
analysis.) For a given grain size 
the degree of alignment, or direc- 
tionality, depends almost entirely 
upon the amount of deformation, 
unless the crystals in the 
mnealed material are already 
ranged directionally, as a result 
f previous mechanical and heat 
treatment. Whatever the extent 
of structural alignment in a 
rolled strip, it is in some degree 
preserved after annealing. The 
precise orientation of the new 
crystals in the annealed material 
usually differs from that of the 
fragments in the rolled material, 
although the two are closely 
related. 

Directionality may be 
detected, prior to cup formation, 
by X-ray diffraction photographs 
and in extreme cases by align- 
ment of twin bands in the micro- 
crystals. It is also evident in 
variations precision measure- 
ments of the modulus of elas- 
ticity in tensile tests cut at vari- 
us directions to rolling. 


Howe r, all these methods are 
difficull to use and require expert 
appl i 

portant Factors 


Befor ussing the factors that 


do | some bearing on the 
devel nt of earing tendency, 


lesirable to dispose of 
are popularly, but 


erroneously, supposed to be of 
importance. These may be listed 
as type or speed of rolling mill, 
number of passes, reduction per 
pass, or lubrication. It makes 
no difference whether the strip 
is rolled always in the same 
direction, or turned end for end 
between passes. Cross rolling 
does affect directionality but 
since this operation is not com- 
mercially feasible with strip 
metal it may be dismissed here. 


Other factors of no influence 
are surface finish, composition 
(that is, common impurities, 
although in alpha’ brasses_ the 
earing tendency increases with 
the zine content), deoxidation 
practice, and size and orientation 
of grains in the ingot. Gage of 
strip and size of cup influence 
the actual height of ears (when 
the metal forms ears) only as 
would be predicted from the 
geometry of the shapes. 


_Beryllium-copper in many applications of vital importance is entrusted with — 
tasks which cannot be performed by any other metal or alloy. Especially 
is this true in aircraft instrumentation. Probably no other alloy must meet 
‘the close specifications essential to 


assigned to this “tireless metal” 


coppet alloys, Wilbur 8. liver wall 
ities of manufacture and performance. Years of experience in working to! 


(© Witeur 8 orIver 


NEWARK, NEW 


Manufacturers of “TOPHET"* the Nickel-Chrome Resistance Wire 
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Ears on Brass 


(Starts on page 832) 

While earing is usually trace- 
able to the alignment of grains 
in annealed strip, other causes 
Material 
finished with a light cold redue- 


are occasionally found, 


tion (sometimes done to improve 
gage of surface) may show slight 


ears when cupped. Partially 


recrystallized material behaves 


similarly. Finally, strip metal 
in which appreciable coring per- 
sists, or which contains streaks 
of beta or other constituent, may 
develop ears as a result of its 
mechanical fiber. 

Mill Practice 
most important factors affecting 
directionality are the amounts of 
metal 


However, the 


reduction given to the 


between anneals (especially at 


the final and ready-to-finish 


DURALOY 


Wis 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York, N. Y¥. 


Detroit 
The Duraloy Co. 
of Detroit 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


Scranton, Pa. 
Coffin & Smith 


Los Angeles 
Great Western Steel 
Company 


6-DU-3 
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stages) and the tem; 
the various anneals 
tors which are inter: 
complex fashion. 
Study of definite 
annealing 
exceedingly complex 1 
with earing tendency. 
the following summa 
made of known facts 


schedules 


effect of annealing tem 
1. As long as the 


is fully recrystallized, | 


the final annealing te: 
the greater, invariably, 
height. 


2. The lower the 


Lures 


wi 


ed iT 


ut 
ratur 
mate 
hig} 
eT al 


S the 


read 


finish annealing temperatur 


greater, invariably, is the deg 


of final directionality. 
nitude of this effect 


The n 


natur 


varies widely with the am 


of ready-to-finish and final red 


tions involved. 


3. The lower the tempera! 


of the running-down anneals, | 


greater will be the direction 


after any final anneal. 


true for schedules 


This 


invol 


reductions up to 8 B.&S. n 


bers between anneals, but is 


always true where 


reductions are involved. 


4. Rolling 


verv 


fine-gra 


annealed material results in! 


continued development of a s 


higher directionality. 


“ars 


higher than those obtainable » 


the heaviest straight rolling | 


be developed in brass rolled v 
only 4 to 6 B. & S. numbers rec 


tion by succession 


mediate 


anneals at 


i] 


temperature (650 to 850° F 
Schedules of heavy reduce! 
developed to minimize the ea 


tendency are limited by the p 
tical consideration that in ste 
with the ordinary two-high | 
about 20 in. in diameter, 


uneconomical to roll bi 


than about 6 B. & S 


without annealing. U! 


iss 


ler 


conditions, when earing occu! 


it was inevitably a res! 
processing anneals, a! 


ready-to-finish annealin 


raised the 
(Cont. on 


ature was 
appeared. 


ol 


il 


tempe! 
irs ai> 
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a ° a a2 e g 
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Pr Oper h t e, and by 
Siven desired), ch 98 can 
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help Work Will’ be Glad to Ne 


nufacturing problems. Briefly. We 
t-- not 


concrete ma 
e can supply } 


know what's 
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| 
* Production of steel shell casings 1s moving | | 
4 rapidly -- offering new markets for many fabrica- | | 
tors and presenting new problems for all. Brand j | 7 
7 new as this field is, WE have the furnaces avail- 7 | f 

j able with actual experience behind them. and y | Pp 
engineering ately associated with | 

ad | 
7 in the form of blue prints. 2 
7 equipment. Since out own manufactures ™ = | 
7 may be under pressure: we urge haste in your | y a i 
y inquiry: Wire at once or telephone: Cleveland. 
Henderson 6666. 4 
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Ears on Brass 


(Starts on page 832) 

Recent introduction of four- 
high rolls permits very heavy 
reductions between anneals and 
makes “earing tendency” a factor 
of far greater importance, and 
sometimes prevents the use of 
production schedules otherwise 


highly desirable and economical. 


Two methods, each of limited 
applicability, of utilizing the 
reduction capacity of the new 
mills while still avoiding ear 
formation have so far been 
found by us: 

1. With common high brass 
and other copper-zine alloys, the 
directionality resulting from an 
amount of reduction up to at 
least 22 numbers can be _ thor- 
oughly broken up by a high tem- 
perature anneal (1200° F. or 


Muffles Retorts 


Boxes Pots 
Rails Grids 
Rolls Tubes 


Sprockets Chains 


Heat-Resistant and 


Corrosion-Resistant 
Castings of All Kinds 


FOR GREATER WAR PRODUCTION 


where strains are heaviest and antici- 


pate requirements. MICHIANA with 24 


In the production of practically all 
essential machinery and materiel for 
our armed forces, heat treatment plays 
a vital part. . . For the furnaces and 
the handling of the work in the fur- 
naces,—dependable long -heat-hour 
heat-resistcnt alloys are needed to 


insure maximum results. 


years of speciclized experience in 
the production of heat-resistant and 
corrosion-resistant alloys, is ready to 
make recommendations that may save 
your time, and speed up essential pro- 

duction. MICHIANA PRODUCTS 


It will pay you to replace parts CORP. CORP., Michigan City, Indiana. 
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above) followed by a | 


redure. 

tion (4 B. & S. numbe: Mat 
ite. 

rial so processed ll 
satisfactorily free fron aft, 


final annealing tempe ; 
to 1050° F., and ew 
1200° anneal is acce ‘le 
most applications. limits. 
tions of this method e 
ciated with the difficulty 
producing material of atisfac. 
tory gage and surface after th, 
high temperature ready-to-finis) 
anneal. 

2. It has been found, with 
65-35 and other brasses that ap 
to be rolled at least 26 B.¢s 
numbers from the overhauling 
point to finish, that this redue- 
tion can be made with but 
single properly placed intermedi- 
ate anneal. A schedule of 1406 
F. anneal, 16 numers reduction 
1400° anneal, 18 numbers redy 
tion produces satisfactory. stri) 
0.009 in. thick with the usus 
range of final annealing tempera 
ture. Similarly satisfactory stri 
6.020 in. thick can be made wit! 
the following schedule: 1400° | 
anneal, 12 numbers, [400° | 
anneal, 15 numbers. 

Variation from the optimu 
intermediate gage in these sch: 
ules is apt to be dangerous, an 
the entire schedule must } 
planned at the beginning «a 
adhered to. 

This method of rolling 
obviously not suitable tor od 
lots, but is promising for 1! 
production of large quantities 
material if equipment is ay: 
able to give the heavy reduction: 
required and to handle thic’ 
hard metal. 

Prediction of the earing ten: 
ency that will result trom 
given production schedule ts ! 
always possible. Each fac 
influences the others to a grea! 
or less extent, and no simp 
rules of behavior can have 
versal application. In gene! 
the various factors wil! oper 


in the manner described, } 
only a cupping test on 
of strip can evaluate th imn 
tion of their effects. 6 
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Complete plant layouts 
for heat treatment of armor 
plate and steel shell casing 
have been engineered and designed by Continental — 
and approved by several manufacturers. 


Jobs involving both types of heat treatment have been 
ordered, and Continental is beginning to roll on actual 
production of these furnaces. 


if you are interested in the production of either armor 
plate or steel shell casing, Continental can duplicate or 


rs these completed designs to give you prompt 
eliver 


Materia and equipment are now being ordered for 
this type of production. Phone, wire or write us now 
for early celivery dates and other details on these special- 
ized he. treating setups. 


FURNACES 


Also Consult Continental On — 


TANK PARTS ROLLING MILLS 
AIRPLANE PARTS GUNS 
ALUMINUM BOMBS 
SHELLS DESTROYER TUBES 
CASTINGS ENGINE PARTS 

FURNACES 

for 
VICTORY 


CONTINENTAL INDUSTRIAL 


ENGINEERS, INC. 


8186 Livernois Ave. 3916 Farragut Rd. 
Detroit Brooklyn 
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The fine performance and reliability of 
Lectromelt arc furnaces is contributing in 
a vital way to the increased tempo of ar. 
mament programs. Built in standard sizes 
from 100 tons to 250 pounds capacity, 
Lectromelt top charge furnaces are show. 
ing appreciable savings in power, refrac. 
tories, electrodes and man-hours. 


PITTSBURGH LECTROMELT 


FURNACE CORPORATION 
FOOT 32nd STREET PITTSBURGH, PA. 


for SPEEDY 
SPECIMEN 


CUTTING... 
TRY THE 
Jarrett 

Submerged 
Specimen Cutter 


Intermediate grinding or 
machining of specimens is 
eliminated by this newly de- 
veloped cutter because the 
surface it produces is ready 
for the polishing operation 
after mounting in the spec- 
imen press. 


The cutting wheel, vise, 
and specimen are wholly sub- 
merged in water, eliminating 
over-heating and burning as 
well as washing away foreign 
particles and preventing 
burring. 


With this equipment, 
hardened steel, coarse grained 
producis, ores as well as all 
the usual soft materials can 
be cut without injury, pro- 


TRACY C. 


Low speed submerged cutting with a rubber 
bonded wheel features this new 
Specimen Cutter. 


ducing an even section with 
parallel planes. Specimens 8” 
long and 1!" diameter may 
be cut with ease on this ma- 
chine. Both ends of the 
specimen are held firmly in a 
double jaw vise. Write for 
details on this and other 
features of the Jarrett 3-step 
Polishing Method. 


JARRETT 


METALLURGICAL POLISHING EQUIPMENT 


P.O. BOX 3155 


CATONSVILLE, MD. 


Rolls-Royce Aero-Eng. 


BRITISH publication The Eng ver. 
issues dated Feb. 27 and March 1949 
printed photographs, drawings and d 


of the Rolls-Royce “Merlin XX” liqui 


ription 


cooled 


supercharged engine, the power plant many 
of Britain’s best fighters and bombers. It js 
V-12; cylinders are 54-in. diameter by 6-jy 
stroke. It develops 1260 brake horsepower 4) 


12,250-ft. cruising altitude (low supercharge; 
gear) and 1175 hp. at 21,000 ft. elevation with 
high supercharger gear, and weighs 1150 |) 
(about 114 Ib. per hp.). 
vlene glycol (prestone) solution, safe agains! 


It is cooled with eth- 


freezing to arctic temperatures; the cooling sys- 
to boost the 


boiling point of the coolant to 250° F, 
The above mentioned articles say that 


tem is under pressure sufficient 


advantages claimed for the liquid-cooled in-ling 
aero-engine from the point of view of small 
frontal area, minimum drag, and its capacity 
for high specific power output, have been mor 
than substantiated during the present conflict 
All the high performance fighter aircraft a! 
present in the service in the Royal Air Force ar 
powered by liquid-cooled in-line engines; sin 

larly the fastest fighters in the air forces of al 
the nations involved in the war are equipped 
with this type of engine. Americans have mo! 
intensively studied and perfected the air-coole 
radial engine, and even as early as the Batt) 
of France the Curtis fighters “Hawk 75's” will 
radial engines distinguished themselves for the: 
maneuverability, and are probably responsibl 
for the recent appearance of the new Germa 
“FW 190” fighter, powered with 1600-ly 

14-cvlinder, air-cooled radial motor. 

The Merlin XX has been “souped up” so t's 
maximum power has been advanced 145°. wi! 
a weight increase of only 8.5. The gain ls 
largely from improvements in supercharger ate 
magneto design, and this has been achieve 
despite the necessity of muffling the exhaust » 
no flame will appear at night. 

Each cylinder and coolant jacket is a sing! 
aluminum alloy casting; the cylinder liner & 
Other aluminum castings, 50! 


ane 


thin steel tube. 
highly complicated, form the crank ¢ 
gear cases, both front and rear. 


Hollow camshafts are carried on alu nue 
pedestal forgings, mounted on the ec) ders 


(Continued on page 844) 
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THE UNITED STATES TREASURY DEPAR 


Next to the Stars and Stripes .. . 


AS PROUD A FLAG AS INDUSTRY CAN FLY 


Signifying 90 Percent or More Employee Participation in the Pay-Roll Savings Plan 


|| doesn’t go into the smoke of battle, but 
wherever you see this flag you know that it spells 
Victory for our boys on the fighting fronts. To 
everyone, it means that the firm which flies it has 
attained 90 percent or more employee participa- 
tion in the Pay-Roll Savings Plan . . . that their 
employees are turning a part of their earnings 
into tanks and planes Bok pont regularly, every 
pay day, through the systematic purchase of 
U.S. War Bonds. 


You don’t need to be engaged in war production 
activity to fly this flag. Any patriotic firm can 
qualify and make a vital contribution to Victory 
by making the Pay-Roll Savings Plan available 
to its employees, and by securing 90 percent or 
more employee participation. Then notify your 
State Defense Savings Staff Administrator that 


you have reached the goal. He will tell you 
how you may obtain your flag. 

If your firm has already installed the Pay-Roll 
Savings Plan, now is the time to increase your 
efforts: (1) To secure wider participation and 
reach the 90-percent goal; (2) to encourage 
employees to increase their allotments until 10 
percent or more of your gross pay roll is sub- 
scribed for Bonds. “Token” allotments will 
not win this war any more than “token”’ resist- 
ance will keep our enemies from our shores, 
our homes. If your firm has yet to install the 
Plan, remember, TIME IS SHORT. 


Write or wire for full facts and literature on instal- 
ling your Pay-Roll Savings Plan now. Address 
Treasury Department, Section D, 709 12th St, 
NW., Washington, D. C. 


Make Every Pay Day “Bond Day" 


TEN 


r— 


vs. WAR Bonds« Stamps 
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Rolls-Royce 


(Continued from p. 838) 
Exhaust valve stems are hollow 
and they are filled with sodium 


in order to assist the transfer of 


heat from the valve head to the 
cooling area. They are made in 
special high quality heat resist- 
ing steel, and the valve heads 
covered 


and seating faces are 


with “brightray”’, a nickel-chro- 
mium alloy resistant both to heat 
attack and to the lead content in 
the gas. ‘Tips of both inlet and 
exhaust valve stems are covered 
with stellite to prevent wear 
by contact with the tappet. The 
valve seats, which are screwed 
into the aluminum cylinder head, 
are made from 
resisting steel; the valve guides, 
which are of cast iron for the 


special heat 


inlet valves and phosphor bronze 


Serving 
the United Nations 


with dependable gaskets 


for every application. 


FOR TOTAL 


VICTORY 


STEELBESTOS * TWIN-TYPE STEELBESTOS * KORKOID * SPRINGOID 


DELOID 


DETROIT GASKET & MFG. CO. 


D-G INSULATING MATERIALS 
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SYNTHETIC COMPOSITIONS 


* DETROIT, MICH. 


for the exhaust valves. have 
tapered shanks and pressed 
into the block. 

A balanced hollow crankshos 
is employed, which is made fy, ‘ 
a one-piece steel forgin nitride 
on wearing surfaces.  [t has 
lange at its forward end whic 
transmits the drive through 
splined coupling to the airserey 
reduction gear. It is carried 


seven bearings, each lined with 
special lead bronze, which arp 
housed in the top half of the | 
crank case. 

All the connecting rods are 
H-section. steel forgings 
machined all over, and are oj 
the forked marine type. Steel 
bearing shells lined with lead 
bronze are used for the big ends 
and for the plain rod bearings 
which work against the outer 
surface of the forked rod blocks 
Pistons are aluminum forgings, 
furnished with 
rings and two drilled  seraper 


three pressure 
rings; pins are of hardened steel 
and are of the floating type. 
The supercharger rotor is 
produced from aluminum 
alloy forging, which is designed 
to withstand the large stresses 
set up by high speeds and ele- 
vated temperatures; 
mum operational speed is in the 
neighborhood of 29,000 r.p.m 
A good general idea of t! 
complexity of the modern a 
engine is conveyed by the | 
that there are approximat 
11,000) separate parts in 
“Merlin XX” engine. 
in these are 4500 different val 
ties of parts. The total ens 
weight of 1450 Ib. is divisibl 
Steel, 476%: aluminu! 
13.6%: brass and bronze, 


Includ 


follows: 


other materials, 6.9%. 
ter item includes rubber, p\ 


tics, magnetos and 
wires. Only 12 different class’ 
of steel are used throughout © 
engine, including speci! 
pose steels, while one rad 
cast aluminum alloy is employe’ 


sht alu- 


and two grades of wri 
minum. 
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HEAT TREATING EQUIPMENT 
that weighs less and lasts longer! 


A group of Pressed Steel Company Carburizing Boxes 
of various types used by the Perfection Tool & Metal Heat 
Treating Co. This mid-western heat treater has been 
using Pressed Steel Company equipment for many years. 


PRESSED STEEL 


 PENNSYLVANI 


‘PRESSED STEEL COMPANY PRODUCTS: Corburizing and Annealing 
4 Boxes, Thermocouple Protection Tubes, Seamless Steel Cylinder Caps, Seamless Steel 
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zi Strategic and Critical Materials 
iS As of June 1, 1942 

tng ISTS OF METALS and of non-metallic products 

se used by the metallurgical industries are issued 
yy, by War Production Board from time to time, show- 


ing the relative scarcity of certain materials. The 
current list, when compared with the one issued 
on March 12, shows few of these materials to be 
in an easier position; most of them are scarcer. 


This general trend is a prime reaso- for 4 
impending change from the inadequat: 


lOrities 

system to a control based on allocation iia 

to meet expected quarterly consumpti of the 
vital armament industries. 

In these lists Group I consists of materia) 

whose supply is inadequate — in many c:ses ey, 


for the armed services. Metals newly added ; 
this group are columbium, electrolytic manganes 


and tantalum. When comparing the list with tp 


presented in Metar ProGress in April (page 552 
it is seen that rhodium, high grade zinc, ammopiy 


and palm oil have been elevated from G; pit 
Group I, whereas aluminuy 


JESSOP 


INCREASE PER 
WEEK IN 


1938 


JESSOP STEEL COMPANY 


General Offices 


WASHINGTON, PENNA., U.S. A. 


STEEL 


HEEDS OUR 
COUNTRY’S 


scrap and lead have dropped 
to Group II (those materia), 
essential to the war industries 
but which are not so searce 

Group III, listing materia! 
available in quantity, is prae- 
tically void of metals, but does 
contain 16 non-metallic domes 
minerals used in the manufac- 
ture of molding materials, refrac- 
tory brick and furnace linings 
such as bentonite, diatomaceous 
earth, spodumene, andalusil: 
kyanite, and sillimanite. Grou 
Ill, “plentiful materials”, con- 
tains gold (try and get any 
indium, osmium and silver. Item: 
now promoted to Group II ar 
bismuth, palladium, rutheniu 
silicon and its alloys, uranium 
pig iron and iron castings. New 
substances appearing in Grou 
II are ferrosilicon, lithium and 
magnesite. 

Harvey A. ANbDERSON, &, chie! 
of the Conservation and Substitu- 
tion Branch of the Bureau 
Industrial Conservation, notes 
that the change of position fron 
a lower group to a higher, du 
to depletion of supply, is ! 
quently because of deficiencies 
1942 substituted materials. 

In the third group most 
the items are used with lilt! 
change from the natura! cond! 
tion. Even where th are 
almost unlimited suppli is 
lumber, oil, and cotton rtain 
varieties or grades hav 
scarce. Further, in the se 


large tonnage items, th [! 


Lom lems of labor, manufs url's 


CARBON . HIGH SPEED - SPECIAL ALLOY - STAINLESS . COMPOSITE 


come 


and transportation have 
TEELS | increasingly important. 2 
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HELP 


IMPROVE 


a YOUR PRODUCT 
STEEL CASTINGS 


Buffalo, N. Y. 


ee r 
» WEIGHT for War Needs! 51 Newt St 8700 
Chicago 
has emphasized the value of a highly mechanized Connery 9600 
with large numbers of oieplenes, fast-firing guns, Cleveland, Ohio 
and tanks. All of this equipment today requires Crucible Steel Casting Company 


Almira & West 84th. WOodbine 4613 


Detroit, Michigan 

of the big advantages in using steel castings is to Detroit Steel Casting Company 

lighter, stronger parts . . . thus saving WEIGHT 4069-4140 Michigan Avenue LAfayette 5710 
Houston, Texas 


castings! 


eta! In building trucks, for example, every pound 
makes room for another pound of man-power, Bringhurst & Gillespie. Fairfax 8117 
load, or gun-power. That's why so many truck Indianapolis, Indiana 
cturers are turning to steel castings for parts that eae Steel ae one 0400 
shter in weight, without th i iti . . 
3 , without the slightest sacrifice of Milwaukee, Wisconsin 
and long life. Sivyer Steel Casting Company 
1675 S. 43rd St. Mltchell 1442 
tastings today are remarkably versatile . . . bringing Newark. New Jersey 
performance and lower costs to a wide range of American Steel Castings C 


e products. Particularly important are the big Marke 
Philadelphia, Pa. 


pin assembly and finishing costs that result from Dedes Comeeny 
ish accuracy and uniformity of castings produced Tacony. MA Yair 1650 
doen steel foundries. Toledo, Ohio 


Unitcast Corporation, Steel Casting Division 
Front and Millard Avenue POntiac 1545 


Tulsa, Oklahoma 
Oklahoma Steel Castings Company 


~ * 


1200 N. Peoria. 5-9286 
ve ) Electrical Machinery & Equipment Mining Machinery & Equipment Road & Building Construction 
le Elevator Oil or Gas Field & Refinery Rubber Mill 
; Engine Ordnance Ship & Marine 
Dap Food Processing & Packing Plant Overhead Crane & Charging Shoe Machinery 
ping Foundry Machinery & Equipment Machine Smelting Plant 
iia’ Gas Producer & Coke Oven Paper Mill Spray Painting Equipment 
Gears Printing Press Steam Turbine 
a sm Heat Treating Furnace & Equipment Pump Street, Elevated, & Subway Cars 
bres dling Hoist & Derrick Railroad Textile Machinery 
“chinery & Coment Mill lron & Steel Industries Refractory, Brickyard & Ceramic Valves, Fittings & Piping 


Metallurgical Machinery Refrigeration Machinery Well Drilling Equipment 
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Contribution of Statisties 
to the Science of Engineering * 


By Walter A. Shewhart Watney in-1798. The principle 
of interchangeability prompted 
( NE OF THE MOST REVO- the engineer to consider the 


lutionary principles ever advantages of repetitive opera- 
introduced into” manufacturing tions production processes. 
was that of interchangeability. The contribution of statisties to 
It dates back at least to Ent engineering may be thought of 


Buy Your Atmosphere 
by thee PACKAGE 


Size 2 Model Y Sentry Furnace in operation. 


Prevent hardening failures in high speed steel tools! 
Get clean tools free from deecarburization! Eliminate 
grinding after hardening! Harden any high speed steel 


alloy without failure. 


You can do all this economically and 
easily with Sentry Furnaces and Sentry 
Diamond Blocks. 


Cente Write for Bulletin 1020-34 
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as a means of maxin the 
advantages to be aft! 1 by 
interchangeability, for statis 
tical control can m 
coordinate the process: mass 
production by minimi: toler 
ances and maximizing | SSUI 
ance of meeting sper 

In all engineering esses 
there is an element of bility 
The engineer devises 9 pera- 
tion that, if carried out, wil) pi 
duce the thing wanted. Since 
does not claim perfect know!. 
edge of facts and physical laws 
the best he can hope to do jis | 
know the probability that th 
manufacturing operation will hit 
the target, so to speak. Bu 
before using the probability 
theory the engineer should 
understand the conditions unde; 
which it will lead to valid pred 
tions. The applied mathemati 
statistician has provided us wit! 
such rules, but they are valid 
only when the samples are take: 
at random. 

Let us assume that we haw 
N physically similar chips 
each of which is written a num 
ber and that these N chips ar 
placed in a bowl. A blindfolded 
experimentalist thoroughly mixes 
the chips in the bowl, draws 
number, and has his assistan! 
record the number. The chip is 
then returned to the bow! and 
the blindfolded experimentalist 
after another thorough mixing 
the chips, again draws one and 
has the number recorded. This 
random operation of drawing 4 
number can theoretically b& 
repeated again and again unde! 
the same essential condt!ions 
as to give an infinite sejuene 
(Many experimenters have trie 
with their eyes open, as tt wer 
to juggle a set of numbers 
what they would insti! livel 
call “random order”, only to find 
that the sequences thus Te 
did not possess the ch: tel 
tics of sequences (Cont. « 


*Abstracted from a pa} 
the University of Pen van 
Bicentennial Conference, 
ber, 1940. 
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The Sentry Company 

3 FOXBORO, MASS.,U.S.A,. 


FO!. CHEAP INSURANCE - - - 
Use Wheelco LIMITROLS 


fhe cheapest insurance you can buy for your plant 
Preventive Insurance. Wheelco Limitrols pro- 
vide Preventive Insurance by protecting you against 
the losses excessive temperatures can cause in your 
processes 

lhe Limitrol combines a high resistance pyrometer 
with an electrically operated automatic shut-off 
device to give you (1) continuous, accurate, tem- 
oerature readings, and (2) automatic shut-off of heat 
input when the temperature measured reaches a 


point selected and set on the pyrometer scale. 


[he Limitrol may be used as a safety device to prevent 
temperature from rising above a danger point, or to insure 


shut-down of equipment, at any desired temperature, to 


obtain the exact material specifications required. 


Investigate the applications for Limitrols in your plant. 


Diagrams below show typical methods 
of installing Limitrols. 


72! LiMITROL LINE 
ALARM | 3] 
THERMOCOUPLE — 
| 
| 
— 4 
SHUTOFF 
VALVE FOR FUEL FIRED FURNACE FURNACE 
INTACTORS FOR ELECTRIC FURNACE ELECTRIC OR FUEL FIRED 
Operating Diagram showing 
use of Limitrol only. 
72 CONTROLLE: 
> | 
ALARM ~ 
| THERMOCOUPLES 
| 
FOR FUEL FIRED FURNACE FURNACE 
ACTORS FOR ELECTRIC FURNACE ELECTRIC OR FUEL FIRED 


Of Diagram showing Limitrol used in 


tion with a temperature controller. 


Wheelco Limitrol. 


LIMITROL FEATURES 
Can be used in conjunction with controllers of any type, 
or it can be used alone. 


Protects equipment from being overheated due to failure 


of control or switching apparatus. 


Equipment cannot be turned on again until temperature 


has dropped to safe limit. 
Any point on the scale can be selected as a shut-off point. 


Thermocouple Break—Will shut off equipment if thermo- 


couple is broken. 


“Radio Principle’—Limitrols employ the famous 


Wheelco “Radio Principle’ Control. 


Limitrol Scales—6” long. 
Scale Ranges—0 to 3600° F. or equivalent “C. 


Write today for your copy of Limitrol Bulletin No. 
D202-3. 


Wheelee Instruments Go. 


835 HARRISON STREET + + + CHICAGO, ILLINOIS 
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ee St ti ti randomization is important’ in tain characteristics { almost 
‘ a Is 1cs the comparison of new designs, no sequence of res s fros 
new materials or alloys, study of repetitive engineering ratic 
ra contact phenomena under differ- possesses until after aSSigy 
(Continued from page 854) ent conditions, corrosion of mate- able causes have been . Linated 
obtained by drawing from a bowl rials under different atmospheric And yet the maximum surance 
with their eyes shut!) conditions, field trials of equip- of meeting specified (olerane, 
In most engineering work ment, to make sure that observed limits is obtained only when th, 
there is some distinguishable differences are not due to some repetitive operation obeys g Jay 
physical operation by means of — assignable cause in the original of chance. ‘ 
which the results of the opera- operation. Two courses of action » 
s tion can be randomized. Appli- Most sequences obtained by open: One is to use ayailah), 
i “ cation of the operation of a random operation possess cer- statistical technique as 9 cura; 
aut measure in the sense of sere: 


ing the product obtained } 


operation when this operatic, 


6é does not obey a known law o| 

chance. The other is to develo 

.Yy a statistical technique to be us 

A R R y as a preventive measure in 


.. Pearl Harbor! Wake Island! Singapore! 
Bibs BATAAN! MANDALAY! CORREGIDOR!! 
! Lost--because we sent ‘too little, too late’. 


sense of providing a means 
detecting and eliminating assig 
able causes of variability 
need not be left to chance 
Basic Hypothesis for Sta 
tical Control It is feasible a 


often desirable to establis! 


TANKS, PLANES, SHIPS, GUNS, SHELLS AND BOMBS are 
a4 the sinews of war. If not produced in countless numbers an existing operation until = 
—TODAY AND TOMORROW—THE WAR MAY SOON obeys the ‘ion of chance. \\ 


BE LOST! AMERICA, HURRY! ! 
me SPEED PRODUCTION! SPEED DELIVERIES! SPEED SHIPMENTS! 


shall consider the hypothesis 
control in three parts. 
Hypothesis I: The maxim 


& % HOW? Let Pangborn show you. Show you the vital services the 


ROTOBLAST Barrels, Tables and Cabinets—the Air Blast Rooms, 
Cabinets and Special Equipment—the Dust Collectors and Control 
systems are performing for others daily. 


%& One ROTOBLAST Barrel just installed replaces twenty-three 
tumbling mills—and in eight hours cleans more work than the com- 
bined mills turned out in twenty-four—and does the job BETTER— 
at a LOWER COST. 


*% A ROTOBLAST Table cuts cleaning time on fragile work 50 per- 
cent—-ELIMINATING THE WASTE THAT FORMERLY CAME FROM 
REJECTS DUE TO BREAKAGE AND WARPAGE. 


*% A manufacturer of bombs finds it easy to clean the inside and 
outside of these weapons since he asked Pangborn to help him—-AND 
NOW HIS PRODUCTION IS THREE TIMES WHAT IT USED TO BE. 


*& Pangborn technical, sales and research facilities are available to 
help you SPEED UP PRODUCTION—the benefits of thirty-eight years 
experience as the World's largest manufacturer of Blast Cleaning and 
Dust Control equipment are yours for the asking. Use Pangborn help 
to get MORE OF EVERYTHING MADE OF METAL TO THE YANKS. 


THE WAR WON’T WAIT! 


AMERICA, HURRY!!! 


PAN CGCBORN 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 
PANGBORN CORPORATION ... HAGERSTOWN, MARYLAND 
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attainable degree of validity 
prediction that an operation 
give a value lying within 
previously specified toleran 
limits, is that based upon t! 
prior knowledge of the law 
chance underlying the operatio! 

Hypothesis II: The maximu 
degree of attainable contro! 
the cause system underlying 4 
repetitive operation in the phys 
ical world, is that wherein ' 
system of causes produces ell 
in accord with a law of pre! 
ability. Such a state of con 
has been termed a statistical s 
of control. 

Hypothesis III: It is assum 


that some criteria may fot 
and methods developed (0! the 
application to the mbers 
obtained in a sequence rep 
tions of any operation h tl 
whenever a failure t 


criteria is observed, (5 


| 
4 
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COLMONOY FURNACE WELDING 
This process consists of applying a casting of COLMO- 
1S NOY No. 6 hard-surfacing alloy to steel base parts that 


ay are subject to corrosion, abrasion, wear and galling. 


Some of the advantages of this process are: 


SAVES VALUABLE TIME 

1. It is adaptable to high production 
parts. 

2. There is complete freedom from 
porosity and cracks. 


USE COLMONOY NO. 6 


on parts subject to great 
wear and abrasion — lathe 
points, dogs, chip 
breakers, dril! flutes, 
wire straightening 
shoes, thrust bear- 
ings, screw machine 
fingers, forming and 
drawing edges, etc. 


Write Today 
Ask for full information on the COLMO- 
NOY Furnace Weld Process, as wel! as 
all the grades of COLMONOY for every 
hard surfacing requirement. 


WALL-COLMONOY CORP. 
Sixth Floor, Buh! Bldg., Detroit, Mich. 


3. Parts can be hard-faced which are 
inaccessible for acetylene torch ap- 

plication, 

+. Finishing requires the removal of 

considerably less material. 


558 W. 54th St. 625 W. Jackson Blvd. 208 Midco Bidg. 
NEW YORK CHICAGO TULSA 
21 Senece St. 123 W. Philedelphie St. 
BLASDELL, N. Y. WHITTIER, CALIF. 


Other Branches in Canada 


Pit Furnace for Annealing Large Gun Mount Castings 


ORDNANCE and INDUSTRIAL FURNACES 


ALL SIZES ALL TYPES ALL PURPOSES 
From the largest Billet In and Out, Car, Conveyor Forging, Soaking, Hardening 
Forging and Plate Heating Pusher, Roll Down, Rotary Quench & Draw, Auto-Frettage 
Furnaces to Bolt Headers Horizontal and Vertical Pit Annealing, Stress Relieving 
and small Portable Forges Circular and Rectangular Pot Hardening, Tempering, Nosing 


DIRECT FIRED — RECIRCULATING — RECUPERATIVE — REGENERATIVE 
AUTOMATIC OR MANUAL CONTROLS 


Gas, Oil and Combination Gas and Oil Burners 


@) TATE-JONES & COMPANY, INC. 


LEETSDALE, PA. 
FURNACE ENGINEERS AND MANUFACTURERS SINCE 1898 
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bd where the results of repetitions 
‘ 
Statistic | of the operation behave in accord 
with a law of chance. 
Basic Experimental Data for 


(Continued from page 856) Attaining Control Inspection 
an assignable cause of variability samples of lots taken in the order 
in the results given by the opera- of their production have long 
tion may be discovered and been used in applying the opera- 
removed from the operation. — It tion of statistical control. How- 
is further assumed that, by the ever, it is essential that the 
removal of a comparatively small record of the order of repetitions 
number of causes, a state of be preserved even though the 
statistical control is approached experimentalist judges the con- 


ELASTUF ‘‘44”’ 


Doorway for 
Thousands 
of Miles of 
Because of its Remarkable STRENGTH 


Solder dies must possess peculiar qualities—they must have great 
strength to withstand the tremendous pressures used, they must 
hold size accurately, and withstand the heat employed in extru- 
sion. Previous alloy and tool steels used were far from satisfactory 
due to their failure in one or another respect. But a new steel, 
ELASTUF ‘’44,” has ended this headache. 

Through the die pictured, thousands of miles of wire have 
passed without measurable change in size. What makes the dif- 
ference? ELASTUF ‘44” is a machinable heat treated steel. Its 
compression strength is well over 200,000 lbs. It has remarkably 
uniform hardness throughout the cross section. These qualities are 
proving valuable allies to industry today when 
uninterrupted production is so important. 


Read more about this steel in this booklet 
““ELASTUF STEELS IN ACTION’”’ 


This booklet is a collection of cases showing how ELASTUF 
Steels are meeting tough problems of application and service. 
If you design machine parts or select Machinery Steels, you'll 
find this booklet helpful. It also contains the famous Machinery 
Steel Selector. A copy is available, without obligation, to all 
Department Heads in Purchasing, Engineering and Plant Man- 
agement Address Machinery Steel Division at the nearest 
address below. 


G 

BEALS-McCARTHY & ROGERS © BUFFALO-ROCHESTER 

A BROWN-WALES CO. © BOSTON, MASS.-LEWISTON, ME. 
"ern po HORACE T. POTTS CO. © PHILADELPHIA-BALTIMORE 
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ditions to be essential! 


He may suggest cert; ota 
ordering the results repeti. 
tions of an operation, ly ups 
his knowledge of the 
under which the obs ation 
were taken, in order reves 
trends or erratic effect. likely | 
exist. Or he may arrange th, 


results in groups and test f, 
assignable causes. 


Basically, what is ne is { 
note two kinds of ry in any 
sequence: Runs up and dow 


and runs of numbers above ang 


below the average of th, 
sequence. If the assignah 
causes simply produce 
shifts in the expected values 
is not likely that the distribut 
of lengths of runs-up and 
runs-down will be much 
turbed, but such shifts will | 
to give extra long runs of 
bers above and below aver 
However, if the assignable ca 
produce trends with slopes lar. 
in comparison with the flue! 
tions produced by su 
imposed causes acting al rand 
the distribution of lengths 
runs-up and runs-down will | 
disturbed. Likewise, the 
tribution of runs of num) 
above and below the average 
the sequence may be somewh 
modified. 

Thus, a study of the results 
will give a clue to the type of t! 
assignable cause and the p 
at which it enters. In roll 
material, for instance, lack 
symmetry in the rolls will p 
duce different trends from t 
caused by slippage at the cl 
age planes of the crystals. 

This information ab 
assignable causes is lost W! 
we group the data to ethet 
the form of a frequency (is! 
tion, as is so often do! 
engineer. One can almost al’ 
find and remove assist 
causes, When they are 
and thereby approach « st 
statistical control bey 
it is not possible to 2 ept! 
some fundamental che 
operation itself. 
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The New Johnston Shell 
Nosing Furnace 


JOHNSTON 


PURE 
CARBIDE-FREE 


pk 


MINNEAPOLIS, 


Tungsten Powder . . 
Pure Manganese. . . 
Ferro-Chromium . . . 
Pure Chromium .. . 
Ferro-Tungsten. . . . 
Ferro-Titanium. . . . 
Ferro-Vanadium. . 
(1% Silicon) 
Send for Pamphlet No. 2021 


METAL AND THERMIT CORPORATION 


120 BROADWAY 


bo 


tsburgh + Chicago 


NEW YORK, WN. Y. 


This Johnston Furnace 


for Shell Nosing--- 


1. Rotates the shells to insure even heating. 


2. Heats the shells in the nosing position to 
eliminate regripping between the furnace 
and nosing press. 


FURNACES 

e BURNERS 

e BLOWERS 

CONTROLLERS 


Manufactured Under Accurate Control in Our 
Own Efficient Factory 


CO. 


MINNESOTA 


So. San Francisco + Toronto 


THE KING 
PORTABLE 
BRINELL 


A HARDNESS TESTER FOR PORTABLE 
AND STATIONARY USE 


SOOOK 


Bat! 


Puts an actual load of 
3000kg.onal0mm. ball. 


Throat, 4” deep. 
Gap, 10” high. 
Weight, 26 lbs. 


Can be used in any posi- 
tion—even upsidedown. 


——d 


Test head removable for testing larger pieces 
beyond the capacity of the standard base. 


ANDREW KING 


NARBERTH, PENNA. 
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Notes About Contributors 


in This Issue 


Mabel MacFerran Rockwell's disarming smile 
conceals an unusual accomplishment for a woman 
in the field of electrical engineering. The fact that 
she should successfully acquire a B.S. in electrical 
engineering from Massachusetts Institute of Tech- 
nology, followed by a M.S. in the same field from 
Stanford, is somewhat less unusual than her sub- 
sequent ten years’ experience in test work and 
power system design for Southern California Edi- 
son Co. and for the Metropolitan Water District of 
Southern California, working on the Colorado River 
Aqueduct. She joined Lockheed Aircraft Corp. in 
1938 as plant electrical engineer, and since 1939 
has had the title of production research engineer. 
Interest in the wedge-draw test currently being 
described in a series of three articles in METAL 
ProGress, resulted from efforts of the production 
research group to place sheet metal forming on a 
basis of sound technical control. 


Given Brewer, co-author with Mrs. RocK WELL, 
is also a graduate of M.LT. with a B.S. in general 
engineering in 1938. He joined the Lockheed organ- 
ization as a mechanical engineer in the manufac- 
turing engineering department that August, but left 


M. 


C. E. Peck 


a year later to assist in the construction of pas 


station WNBH in New Bedford, Mass. [p Ap 
1940 he returned to join the newly form prod 
tion research division of the engineeri depart 
ment at Lockheed. He is now senior resesy, 
engineer in this division. 


C. E. Peck was born in Pittsburgh, where | 


has evidently decided to stay. After attending Pity 


burgh public schools, he picked a local colleg 
Carnegie Tech, and received his Bachelor of Seiey 
degree in mechanical engineering in 1928. Afte 
vear working with Prof. W. Trinks, head of ¢! 
mechanical engineering department at Carn: 


Tech, he joined the Westinghouse Co. in East Pitts 


burgh as a student in the Design School. In 19 
he was made heating section engineer; prior to t 
he worked for several years in the developny 
section of the generator engineering department 


While still a youngster Joseph H. Jones | 
school in 1917 to join the Army. With the end 
the war he returned to civilian life and joined | 
Studebaker Corp. at South Bend in 1920. He sta: 
with Studebaker until 1935 and during his 
seven years there learned a great deal about 
development, production, testing, and servicing 
transmission and rear axle units as well as 
automotive gears. With this metallurgical ba 
ground Mr. Jones joined Republic Steel Corp., A! 
Division, Massillon, in 1935 as a field contact melo 
lurgist. His work has included various sp: 
assignments, the latest one being the developm 
testing, and directing the application of NE ste 
for his company. 


GIVEN BREWER Josepu JONeS 
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New | 00k On 
H arace ss 


W ha n some time since 
handled any sub- 
rehensively as Prof. 
liams s with hardness in 
new Hardness And 
-dness Measurements, just 
plished by the American Soci- 

for Metals, 7801 Euclid Ave- 
Cleveland, Ohio. 

4s Professor of Physics at 
herst College, Prof. Williams 


so 


devoted twenty-five years of 
and experience to every 
hase of hardness and hardness 
sting-- and the results are 
ed into this big 558-page ref- 
ce book. 
339 illustrations depict almost 
rv branch of this field and 
ike the book so informative 


it it should be on your desk as 
nstant guide to procedure in 
v type of hardness problem. 


Here are just a few of the 
ects dealt with . . . atomic 
ture in relation to hardness 

underlying conditions in 
rdness measurements ... wear 
sistance in relation to hardness 

early, recent and modern 


ratch hardness methods 
@ No sacrifice is too great,—no effort too de- 


y penetration hardness meth- 


manding,—that cannot be matched by the fighting “ 
Brinell and Rockwell spirit and production-will of the Wyckoff plants. 
irdness testing methods Our Navy “E” .. . and now our All-Navy “E” 
idulum method of measuring Burgee award signifies only the beginning . .. now 


more than ever nothing shall daunt or impede 
Wyckoff production of the precision steels required 
by our armed forces. 


Official U.S 
Navy Photos 


riness . . . hardness tests on 
ious non-metallic materials 
ion and on. 

Containing 22 chapters and ; 
ge appendix and bibliography, 
S new book is a “must” for 

metallurgical reference 
rary 


TARDNESS AND HARDNESS 
MEASUREMENTS 


Pages 339 Illustrations. . .6” x9” 


S7.50 


WYCKOFF DRAWN STEEL COMPAN 


thlished by * FIRST NATIONAL BANK BLDG., PITTSBURGH, PA. 


_ Carbon .. Turned Polished 
0 bLueclid Aenue wt Turned and Ground Shafting . . . Wide Flats up to 12" x 2° 


veland, O. 
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New Products Available 


Readers may obtain complete details on these products by writing to METAL 


PROGRESS. 


We will gladly pass requests on to the manufacturer. 


Simply mention the paragraph numbers of the items in which vou are interested. 
gray ) 


New Radiation Pyrometer 
Pyrovac is name of new radia- 
tion pyrometer designed for 
recording, indicating, or auto- 
matically controlling tempera- 
tures in furnaces and kilns above 
900" The temperature-sensi- 
tive unit is mounted on the out- 
side of the furnace out of the hot 
zone where it picks up heat rays 
emitted from the object) under 
measurement, thus registering its 
surface temperature. (No. 56) 


Wash Tank 

Shown below is a three com- 
partment tank specially designed 
for washing castings in a large 
defense plant. Castings are suc- 
cessively passed through cold 
kerosene, hot cleaning solution 


and finally hot water. The two 
hot baths are maintained at 


proper temperature by water 
heated in a steam converter and 
mechanically circulated through 
coils in the tanks. Operation and 
control of temperature is auto- 
matic. (No. 57) 


Protective Refractory Coating 
When applied to a new or 
clean surface, a liquid coating 
with the consistency of a light- 
bodied paint is said to definitely 
prolong and extend the normal 
life of brick or metal against the 


ravages of extreme heat. Coat- 
ing is highly resistant to extreme 
heat (3500° F.) when applied and 
set by heat treating at approxi- 
mately 1000° F., or by direct flame 
impingement. At the higher range 
of temperatures, a porcelain-like 
glaze is formed. (No. 58) 


New Brazing Units 


Problem of brazing a *%4-in. 
threaded flange into a completely 
closed 20-gage sheet steel con- 
tainer is solved by induction heat- 
ing. Inductors are placed directly 
over the flange and heat it and a 
small area of the adjoining body. 
With this process it is possible to 
braze three units simultaneously 
in 30 sec. A ring of silver alloy, 
placed along the joint, melts and 
flows to form a perfect, air-tight 
seal. (No. 59) 


Gas Burner 

Pre-mixing aspirator type of 
gas burner with unique features 
incorporated in a complete fac- 
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tory-assembled unit neludes 


aspirator mixer, butter’ y gir con. 
trol valve, full flow gas coek. and 
combustion tile — sembled 
on a flanged mounting | late, Upiy 
comes ready to be cemented in of 
bolted to the furnace wall 

No. 60 


Portable Wheelabrator 

An entirely new development 
in the field of airless abrasive 
blast cleaning is illustrated. This 
portable unit marks a big step 
forward in metal cleaning because 
it is said to be adaptable to alj 


work that pressure blasting caa 
do. It extends the advantages of 
airless centrifugal blasting to the 
blast room. No. 61) 


Metal Washing Machine 

This new metal washing 
machine has been developed ft 
use in connection with “emulse 
dip” and “emulso-spr per 
esses, which represent spec! 


methods whereby meta! parts ca? 
be cleaned more effectively and 
at lower cost than by mo") other 

No. 62 


methods now in use. 
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Melting is one of the most frequently overlooked practices in 


foundry business. To insure that our customers secure only the 
highest quality aluminum castings, so necessary for our armed forces, the 
melting and pouring of all TENUAL Aluminum Alloys is under automatic 
temperature controlled pyrometers along with the expert supervision of 
our experienced metallurgists. @ This close control prevents overheating 


which is so detrimental to physical properties. Chemical analyses and 


physical tests are taken from each heat of castings poured. In addition, we 
have complete X-Ray equipment to take care of all castings requiring 
X-Ray. Extreme care in every operation is taken in our 
foundries. That’swhy TENUAL Alloys have gained the spot- 


light for all sand and permanent mold aluminum castings. 


- 
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As Others See Us* 


paps American journals of all types that reach 

us with regularity and abundance and from the 
occasional copies of German papers that. still 
come to hand, it is possible to gain an idea of the 
state of the sciences in enemy and occupied coun- 
tries, and the evidence available suggests that a 
certain amount of fundamental work is still in 
progress. In short, the condition of affairs is not 
very dissimilar from that obtaining in England. 


Professional and scientific workers 
ain must rely mainly on America; 
their information as to these foreig 
In addition to avoiding the lang: 

(on the whole) they have the advant 
trast in outlook which is stimulatiy 
edly beneficial. Without belittling 
the published matter, most readers \ 
the outstanding feature of all Ame: 
ism and technical journalism is ny 
is in the advertising. The maj 


advertisements are superlatively well don: 


Prom Coast: To Coast 


The Talk of the Machine Shops Wherever 
Boker's Tool Steels yy 
are a They Satisfy! 
NN ©) VW ©) 18-4-1 Type High 
Speed Steel. 
6-6-2 Tungsten 
_High Speed Steel. 
I I ap ip High carbon, 


| chrome, air hard- 

ening bar steel 
and castings. 

For over 105 years we 

have served the industry 

and we are proud of it. 
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are inclined to set one’s tee! 
edge a little, particularly th 
the pro and con debat 

Through all) withoul exe 
runs the slogan “faster, )j 


and better’, usually in that 
and a sense of headlong. 
accelerating competition. |) 
case we remember noting 
depressing reference in an 
tisement for electric welding ¢ 
erators to the post-war sti 
for business, which is appar 
anticipated as inevitabl 

Of the printed matte: 
may distinguish several divis 
Editorials, and not infrequ 
general articles, often co 
political references, some! 
savagely criticising the e 
ics of Mr. Roosevelt's adn 
tration, but never pro-Na 
tone. The freedom and hard 
ting quality of American op 
is certainly refreshing to 
conservative British minds. | 
nical articles themselves ar 
general excellent, and in the | 
ticular field of welding 
already contributed muc 
straighten out the tangle ot | 
complex subject. Parti 
noticeable is the frankness 
which research data are com 
uted and the exhausti.e me 
in which all literature ts © 
for references. In this res} 
the American welding !n¢ 
compares with any in U» 
and one very pleasant! 
its freedom from | faut 
ignoring, or failing to 
carried out by foreign workers 6 

* Editorial, “Fore 
Journals”, in the 
The Welder, the hous il 
of Murex Welding P: ses 
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shared by other men handling small orders for 


\ large I 
| widely l 
Required 
rating ab 
stocks unle 


riority, al 


sola based on business in 1941, before the real 
ish began. Result 
stocks, and a mounting inability to ship small 
juantities promptly for emergencies or to small 
sub-contractors who need a few hundred 
unds of steel rather than a few hundred tons. 


lanishing 
Warehouse 


Stocks 


ment” sets 
Reserve Cx 


turers of 


onths there has been vigorous argument as to 


vhether it 


‘metal, plates and shapes, earmarked against 


emerge! 


seep Warehouse stocks at a level for complete 


irnover 
So far the ] 
have the 
Wh 
ahest 
gosh, the 


YEM ot 
Veu 


ilat 
Sutteriy 
tel 
\ pr 
hica 


ritical Points 


page 813) — all are needed, and of 
crux of the problem of the ship- 
dustry today is the development of 
unctioning organizations”. (So says 
pert in a careful study of the prob- 
pard Business Review.) 


something of the steel warehouse- 
plight from Water Doxsey, presi- 
ieir association—a fix doubtless 


netal industry, or even by producers 
ised metal objects like welding rods. 
by law to sell to anyone with 
ove A-10, they cannot replenish their 
‘ss the delivery has been to an A-1 
id even then they get no more than a 


a steady depletion of 


The Army Ordnance Department 
has recognized this dangerous sit- 
uation, but instead of seeing to it 
that established warehouses get 
the necessary steel, “the Govern- 
up a central stock, financed by Metals 
., to serve the seattered manufac- 
arts for small arms! ..... For some 


would be better to lay aside stocks 
icy such as a battleship repair, or to 


very three months (as at present). 
roponents of earmarked stocks seem 
‘decision. ..... CONSTRUCTIVE Foor- 
en there’s any choice, extend your 
ority ratings to your warehouse, for 


‘ertainly can use it! 


Month, by Joseru in The 


rker for May 23, in writing about a 
machine: “The operations of this 


echanism are too complicated for 
Strength of non-technical, exposi- 
Ruefully Tne Eprror inserts, “or 


June, 1942; Page 869 


w 


WACO 
Twint vir 
ELECTROLYTIC 
APPARATUS 


x * 


*% Independent Operation 


* 


* 


* 


* 


* 


of each unit, in respect to electrolysis current control 
polarity reversal and speed of electrode has always been 
featured in WACO Electrolytic Apparatus Both voltage 
and amperage are CONTINUOUSLY indicated for EACH 
unit The new design includes control of all physical 
factors, proven in preceding models, and greater conven 
rence, with ease and speed of operation 


Automatic Electrode Washing 

prevents dissolving of the deposited material The clee« 
trode is safely removed and COMPLETE recovery of the 
deposit is certain 


Instantan eous Relea se 


of electrode is accomplished by simple pressure of index 
finger and thumb with the WACO chuck. Eliminates 
the inconvenient threaded end of old style holders 


The WACO Swinging Arms avoid supports of cumber 
some wood blocks... as a touch of the finger is sufhcient 
to swing the WACO arms aside for easy removal of electrodes 


Constant electrode speed must be assured in order to ob- 
tain check results The WACO. therefore, emplove a 
CAPACITANCI INDUCTION motor, which operates 


independently of usual line Nuctuations 


Most Laboratories 


AT TIMES, desire to make Miero determinations \ 

cordingly, the WACO is supplied with double scale meters 
0 te 150 M.A. and 0 to 3 Amp., making itt a UNIVERSAT 
instrument Three shafts are incorporated so separate glass 


stirrer may be used 


Among the Users 


Aluminum Co. of America bleetric Co 

6 Foods Corp 
American Optical Co (,eneral Motors Corp 
Columbia Tool Steel Co Criffian Wheel Co 


Commercial Solvents Inland Metals Ketinin 
Corp Co 

Continental Can Co Lewin Metal Corp 

American Rolling Mill Lindsay W ire Weavin 


American Steel Foundries Rock Island Arsenal 
1. du Pont de Nemour- “ears Reebuck & Co 
Customs Laboratory 


Extruded Metals, Weirton Steel Co 


WACO Electrolytic Apparatus 

No. 3520 ML. TWIN UNIT Individual control of ele 
trolysis current and speed with DOUBLE scale meters 
Induction Motor for 110 VALS With Directions and 


Procedure $162.00 
No. 35200 Automatic Washing System, extra $13.50 
- HW rite for bulletin MPO642 deseribing the 


WACO Electrolytic Apparatus, men- 
+ tioning best priority rating available’ 
> Wilkens-Anderson Co lll N. Canal 


‘ Street, Chicago, 


Tt) MORTH CANAL STREET, CHICAGO 


| 

— 
— 


THERMOSTATIC BI-METALS 


We're 1A in the Draft 


* In the thick of the fight—in America’s airplanes, tanks, 
guns and ships — Wilco thermostatic bi-metals and special 
electrical contacts are proving themselves unbeatable. ® On 
the war production front, too, The H. A, Wilson Company 
offers a wide variety of spec ialized thermostatic bi-metals of 
high and low temperature types. Also a series of resistance 
bi-metals, (from 24-440 ohms, per sq. mil, ft.) Wilco elec- 
trical contact alloys meet war requirements ... are available 
in Silver, Platinum, Gold, Tungsten, Special Alloys, Metal 
Powder Groups. Wilco Aeralloy is the outstanding aircraft 
magneto contact alloy. 


the H. A. WILSON CO. 


105 CHESTNUT ST., NEWARK, N. J. 


Branches: Chicago and Detroit 


MODERN ANALYSIS 


Carbon and sulphur determi- 
nations may be made within 
six minutes after the molten 
metal is taken from the fur- 
nace. Accuracy is not sacri- 
ficed for speed. The molten 
metal is poured into the 
Specimen Mold. The result- 
ing test specimens are 
weighed and placed in com- 
bustion boats for carbon and 
sulphur determinations. The 
carbon is determined accu- 
rately by combustion-volu- 
metric methods and the sul- 

hur by the combustion- 
itration method. 


A complete line of spectrographic equipment — Spark 
Source Unit — D.C. Arc Source Unit — A.C. Are Source 
Unit — Densitometer for 4” x 10” plate or film spectro- 
gram — Plate or Film Dryer— Plate or Film Developing 
eens — Calculating Board — Specimen Mold — are 
available. 


Write for Details 


HARRY W. DIETERT CO. 


9330-B Roselawn Avenue Detroit, Michigan 
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We are ready .... . 


New and larger quarters for better service on 


ROLOCK 


INDUSTRIAL BASKETS AND CRATES 
for 


Annealing, quenching and _ pickling, brazing, 
eyaniding, degreasing, anodizing and other 
Industrial processes. 
Send specifications and production 
application for specific information. 


Catalog on request 


1450 KINGS HIGHWAY EAST, FAIRFIELD, CONN. 


NEWARK 
DETROIT 
CHICAGO 

CLEVELAND 
CAMBRIDGE 


CINCINNATI 


Wheelock, Lovejoy & 
Main Offices: 134 Sidney St., Cambridge, Me 
ain ces: idney 
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EEL CASTINGS 


Sounds a little inconsistent, doesn’t it? For in some 
applications, forgings and castings are pretty active 
competitors. 

Still the frame of this giant forging machine, designed 
for producing airplane cylinders, is made of steel castings 
—for rigidity, for precise accuracy and for economy. 
The machine is the largest of its kind ever built and 
weighs over 500,000 pounds. 

This is typical of the thousands of jobs steel castings 
are doing to advance our war production effort—to 
deliver vastly increased numbers of guns and tanks and 
ships and planes. 

When it comes to building things better and quicker 


‘n¢ at less cost, engineers and designers are inclined to 


MODERNIZE AND 


IMPROVE 


look into steel castings FIRST. They require less time 
to prepare for production. They make available all the 
desirable properties of steel—strength, hardness, rigidity, 
resistance to fatigue and stresses and resistance to 
extremes of heat, cold and pressure. 

They often introduce new economies by combining 
many parts in a single casting—saving finishing and 
assembly time. They reduce the handling and machining 
off of needless metal, and make it easy to get weight 
and strength exactly where they are needed most. 

May we suggest that you discuss both old and new 
production problems with your steel foundryman. Or 
you may communicate—no obligation of course—with 
Steel Founders’ Society, 920 Midland Building, Cleveland. 


YOUR PRODUCT WITH 
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Copper Scrap 


Cont.from p.821) following table can be computed : (a) 


RECOVERY TONS Of 


4S MeTAL AND 
IN ALLOYS SECONDARY 
1935 148,000 148,500 
1936 184.600 132,900 
1937 532,100 156,600 
1038 359 800 92 500 
1939 199.700 116.600 
1940 532.000 117,600 
Totals 2,857,100 764,700 


It would be desirable to know what 


of the metal indicated in the last colum 


dled by each of the two general types 


RECOVERED BY foundries. 
Orner Porrions 
OF THE INDUSTRY 
300,400 net tons 
351,700 
375,500 
267,300 
383,100 
414,400 


2.092.400 net tons 


Remelters, 


sale junk dealers) 


known composition. 


with the R. R. MOORE FATIGUE TESTING MACHINE 


Operating at speeds of 10,000 rpm, 
the R. R. Moore high speed Fatigue 
Testing Machine is equipped with 
a variable speed drive —an essential 
feature in the testing of certain alloys 
which heat up when highly stressed. 
It also allows correlation of high speed 
tests with previous lower speed tests. 

The machine is based on the rotat- 
ing beam principle, and the specimen 
functions as a simple beam symmetri- 
cally loaded at two points. Hence the 
specimen is under constant bending mo- 
ment, and during one complete revolu- 


tion the test specimen passes through 


a complete cycle of flexural stress. 

The fatigue machines are in con- 
stant use in the nation’s leading 
research laboratories. Write for de- 


scriptive bulletin K-134. 
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and (b) manufaet 


some 380-odd classifications of copper, 


and remelt it 


cipal source of ingot metal of 4) 


Remelters comprise numerous firn 


bronze scrap (either as manufacturers’ 


or more of importance as well as thr 
dozen small concerns, which are prepares 


scrap, or old serap demolition metal fr 
into 
Their product is 


i} 


1¢ 


non-ferrous foundries: only 
of the principal remelters 
mally produces rolling mil! | 


lets of unalloyed 
bars) or composition 


ting rod analyses). 


metal (y 


lree- 


The remelting firms hay 
trade association, The Non-! 


rous Ingot Metal 


Institut 
308 W. Washington St., Chicas 


R. D. T. HALLOWELL is secret 
This institute has collected 
published monthly tonnage s! 


ments, expressed as weights 


ingot shipped. 


Not all reme! 


are members of the Institute. | 


during the period under re\ 


its membership was fairly st 


and accounted for 


thirds of the total output 
that the 


also estimated 


copper content of 


about 


ave 


brass 


bronze ingot produced con! 


about 80° copper, 


SU) 


on | 


bases the Institute's figures 


be increased by 20: 


in ord 


represent copper content 


entire amount of remelted ing 


Combining these figures 


those given in the last tabl 
have Table II, page 821. 


A general check on the « 
racy of this distribution ts | 


from the more detailed stalis' 
gathered by the Bureau of ™ 


in 1939. In 
and remelters 
237.700 tons or 48° 
ondary copper: 
foundries 

The figure 
manufacturers and 
Table Il 


and 


‘ 
tlm 


derived in 


that ye: 
account ed 
man 
262,00 


I 


apparently high; ho 
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SHOT AND SHELL 
FURNACES 


Carl-Mayer Recirculating 
Air Heater Furnaces are 
used by many leading 
manufacturers of War 
Equipment—because of 
their fast heating cycle, 
uniformity of temperature 
and fuel economy ... . 
Phete shows one of nine 
built fer Bridgeport Brass 
Co. for stress relieving shot 
and shells from 20 to 105 
mm. Similar equipment 
now being built for Gen- 
eral Moters Corp. and 
Timken Roller Bearing. 


HI-SPEED 
ROD 
BAKERS 


THE FASTEST ROD 
BAKER BUILT! 
Saves up to 30% 
in time and fuel. 
Patented Blow-Of 
Feature removes 
meisture without 
bumping or agitat- 
ing the coils. PAT- 
ENTED AND PAT- 
ENTS PENDING. 


Air Draw Furnaces - Rod Bakers - Welding Rod Ovens - Core and Mold Ovens 


; AYER American Magnesium Corp. 
custom Bridgeport Brace Co. 


Eclipse Aviation Division 
of Bendix Aviation Corp. 
Ford Motor Co. 

Hollup Corporation 
Hyatt Roller Bearing Co. 
Page Steel & Wire Co. 


Pittsburgh Tool Steel Wire Co. 
Steel Co. of Canada 
Thompson Products Co. 
Timken Roller Bearing Co. 
Wickwire-Spencer Co. 


IMPROVED HEAT TREATING © /ncreased Production e 


af 


KN lA ARA INDUSTRIAL COOLING e HEATING e DRYING 
HUMIDIFYING e AIR ENGINEERING EQUIPMENT 
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Decreased Rejection e Better Physical Properties of Carbon Steel 


= 


Precise control of quenching temper- 
atures, with quenching water in closed 
system to avoid contamination by iron 
or acids has helped steel treaters to in- 
crease production with decreased spoil- 
age losses. This is especially valuable 
with induction hardening methods 
and with oil quenching baths. 

It is done by a new method, apply- 
ing the principle of evaporative cool- 
ing, with the NIAGARA AERO HEAT 
EXCHANGER, with savings in equip- 
ment cost because no cooling tower is 
needed, and in operating cost because 
95% of cooling water is saved, as well 
as power and space. 

Successfully used, also, in cooling 
jacket water, lubricating and cutting 
oils and industrial process liquids. 

Write for Bulletin No. 90 


NIAGARA BLOWER COMPANY 
Dept. MP-62 
6 E. 45th Street New York City 
37 W. Van Buren St., Chicago, Il! 
Fourth and Cherry Bldg... Seattle, Wash 
Ontario St Buffak N.Y 


Sales Engineers in Principal Cities 


= Fo, new “hich in 
» LT OF GUNS 
Re TANKS SHELis SHIPg | 
Proven ability, to er torn, has § 
Made Maye, Furnace, and 
Oven, the rePeated Choice of 
Americ, 's leading Plants Renesas 
orders More than THREE | 
7 Per “UStomey 
Ove, 20 y Cars* “Perience: 
The Car) “Mayer ES 
: 9030 Ave. Clevelang Ohio 
¥ | 4 & 


Copper Scrap 


(Starts on page 819) 

the entire six years the refiners 
and remelters (as derivable in 
the table) recovered 45% of the 
secondary copper and the manu- 
facturers and foundries 55° 
a figure closely checking the 
Bureau of Mines figures for 1939. 

It should be noted that in the 


foundries” 


“manufacturers and 
group listed in the 1939 and 1940 


Statistics, 
“manufacturers” are principally 


Bureau of Mines 
the brass rolling mills; they have 
melting shops, and consequently 
can rework their own plant 
(Copper and wire mills 
pure 


serap. 


rolling copper ordinarily 
have no melting furnaces.) The 
non-ferrous foundry industry, 


comprising 2500 plants, more or 


less, also remelts sprues, risers, 


usE AEROCARB* 
CARBURIZING COMPOUNDS 


FOR RAPID, UNINTERRUPTED PRODUCTION AND EASY WASHING 


Step up your defense output with these 8 timely AEROCARB 


advantages... 


1. Rapid uniform penetration in case depths from .002” to .030“, 


2. Uniform results in every heat. 


3. Flexibility in operation. 


4. Elimination of bailing out. Additions of the activator Aerocarb A 


easily maintain the chemical balance of the bath. 


5. Quick, easy cleaning of heat-treated parts. 


Exceptional fluidity of bath reduces drag-out losses. 


7. Noneed for special equipment. Ordinary pot furnaces do the job. 


8. Large scale production assures ample supplies to meet your 


carburizing requirements. 


Write for full information on AEROCARB 


AEROCASE* 


and other carburizing and case 


hardening compounds made by Cyanamid. Cyanamid field engineers will be glad to consult with 


you to help solve your case hardening and heat treating problems. 


*Reg. U. S. Pat. Off. 


AMERICAN CYANAMID 


30 ROCKEFELLER 


AND CHEMICAL 


A Unit of American Cyanamid Company 


rina 


CORPORATION 


DISTRICT OFFICES: Boston, Mass.; Philadelphia, Pa.; Baltimore, Md.; Charlotte, N. C.; 
Cleveland, Ohio; Chicago, Ill.; Kalamazoo, Mich.; Detroit, Mich.; St. Louis, Missouri; Azusa, Calif. 
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defectives—-new scrap oceyr. 
ring during their norma! pera- 
tions. In addition to ne plant 
scrap, the manufacturers (brags 
mills) but particularly the nop. 
ferrous foundries purchase large 
quantities of old serap (junk 
from demolition operations, or 
discarded articles of consumers’ 
goods). Obviously a remelted 
sprue originating in the same 
foundry is not 


per”; 


secondary cop- 
it is circulating metal ip 
process, and it is sometimes dif- 
ficult to determine whether that 
same sprue, if sold to anothe; 
firm for remelting, is “metal ip 
process” or “new scrap”. 

In 1939 the Bureau of Mines 
reported that 65% of the. see- 
ondary 
manufacturers and 


copper recovered hy 
foundries 
was Obtained from new scrap 
and 35% from old serap. (Th 
figure of 57° of old serap for 
1939 in Table II includes copper 
recovered by refineries.) In view 
of the expanding nature of the 
industry, the 
amount of new serap is bound to 
increase. The old scrap bought 
by mills and foundries, in any 


brass relative 


case, is easily usable scrap; in 
other words, a brass mill unless 
under some sort of compulsion 
would not buy off-analysis brass 
foundry 


scrap, obv iously, a 


making yellow brass radiator 
valves would normally buy old 
radiator valves and remelt them 
The principal reaction that such 
purchases of choice grades of 
scrap have on our general prob- 
lem of best use of reclaimed 
metal in such dislocated times as 
these is, therefore, that mills 
and foundries, particularly the 
latter, scrap 
market in the closing months of 
1941 and absorbed unusual ton- 


nages of metal of desirable com 


entered the old 


position, thus degrading the 
quality of the remainder avail- 
able to remelters of alloy ingots. 
In concluding this prelimt 

f our 


nary inquiry into the siz 
problem, that is, the tonnage ©! 
metal that is involved, it should 


(Continued on page > 
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Each year for nearly a quarter century the metal industry has met with 
the American Society for Metals to discuss new ideas, new developments 
and new equipment for more efficient production. 

Today, in this war of metals, such a meeting is more vital than ever— 
and once again ASM’s Engineering Data Issue of Metal Progress will cover 
this meeting—the National Metal Congress and a War Production Edition 
of the National Metal Exposition. 

Metal Progress will present the Official Pre-View of this great metal 
convention, with a complete timetable and description of technical sessions, 
exhibits, etc. In addition to 15,000 net paid subscribers, many copies will 
be distributed as an Exposition Guide for important executives—a guarantee 
of valuable extra circulation for the advertiser. 

In addition to this Official Pre-View, Metal Progress will present more 
than 50 pages of engineering data. It will present brief, practical articles 
discussing the problems of conversion and substitution coming before the 
metallurgical engineering industries and involving ferrous and non-ferrous 
metals ... engineering, applications, parts ... melting ... metal working... 
cleaning, finishing . . . welding . . . heat treatment. . . testing and control. 

Make your advertising an important part of this big meeting by plac- 
ing it in this October Engineering Data Issue with its Official Pre-View. 


No increase in rates for this extra-value issue.’Closing date, September 5. 
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Copper Scrap 


(Starts on page 819) 
be evident that our 
resources in secondary 


total 
copper 
available for new objects” of 
manufacture, able to supplement 
new copper produced from 
mines, is limited in a period of 
steady industrial activity to a 


figure equal to the recovery from 


(junk, or articles from 
demolition). In 


old serap 


decreasing industrial activity, on 
the other hand, 
metal in 
the production of 


some of the 
process is used up for 
consumer 
goods. In an expanding period, 
such as the present when the 
load of plant 


is increasing, the addition 


circulating “new 
scrap” 
to our copper available for use is 
the total 


considerably less than 


recovered from junk. 


periods of 


Stabilized chlorinated solvents 


for metal cleaning 


ucts Company. Perm-A- 
introduced when it wa 
quired the use of highly st 
lized solvent. No other solv 
has ever equaled it. 


Perm-A-Clor is much more 
stable, both as a liquid and as 
a vapor, than ordinary solvents. 


Triad, another Detrex solvent, 
is identical to Perm-A-Clor ex- 
cept in the kind and amount of 
stabilizer. War conditions create 
many new problems for all of 
us, but despite these obstacles, 
our chemical research is creat- 
ing or finding new and even 
improved stabilizing materials, 
so that our products can be mar- 
keted without increase in price. 


Select the one best suited to 
your needs. 


DETROIT REX 


Safe, Efficient, 
Low Cost Cleaning 
With Any 
Degreaser 
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The situation will } 


STeatly 
intensified by the fact (at ary. 
cles are ordinarily di arded 
only when new articles are ayajj. 
able for replacement, and as fa 
as consumer goods are ¢op. 


cerned, replacements are poy 
very sharply restricted. The 
building industry, for instance 
‘annot be expected to yield any. 
where near its normal amount of 
brass and copper from wrecked 
residences and buildings. 
From these considerations. 
therefore, it may be concluded 
that in the period 1935 to 1949 
inclusive, the gain in useful cop 
per is much fae to the 2,000.. 
000 tons, secured 
from old scrap (demolition 
than to the approximately 3,000.- 
000 tons of total secondary cop- 


more or less, 


per reported in_ the statisties 
The higher figure comes from 


the inclusion each year of about 
150,000 tons of new plant scrap, 
recirculating 
It is 
an obvious conclusion, also, that 


which 
load of metal in process. 


is merely a 


in this time of emergency, the 
that 


only 
really augments our supply is 


the junk that 


secondary copper 
‘an be recovered 
(Of manufacturing 
improvements that 
amount of circulating 
scrap ——as by lower machining 
limits —— are also most desirable. 

From the above it 
that the data being accumulated 
by W.P.B. about tonnage of see- 
ondary metal (other than own 
plant scrap) coming into 
manufacturers, brass mills, and 
foundries, should be studied in 
order to determine whether con- 
centrations of metal are being 
accumulated which are not read- 
ily or promptly usable. Diversion 
of such metal should be made te 


course, 
reduce the 
plant 


appears 


now 


other plants better equipped to 
handle it promptly. Likewise 
worthy of serious atten ion are 
ways and means of restarting @# 
even larger collection of dis- 
carded and obsolescent coppe! 
brass and bronze articles, ' 


replenish the dwindlin 


upply 
to be anticipated. 6 
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